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Die Einspruchsgebtihr in H6he von € 610,00 soil von unserem laufenden Konto Nr. 28000966 
abgebucht werden. Ein Abbuchungsauftrag filr das Referat Kassen- und Rechnungswesen ist 
diesem Schreiben beigefUgt. 

L Einspruchsgninde 

Das Streitpatent ist gemaB Artikel 100 a) EPO nicht patentffihig, da es die Anfordeningen an die 
erfinderische TStigkeit (gemaB Artikel 56 EPO) nicht erftillt. Des Weiteren ist gemafl Artikel 100 b) 
EPO die Erfindung nicht so deutlich und voUstSndig oflfenbart, dass ein Fachmann sie ausfiihren 
kann. 

2. Entgegenbaltungen 

Der Einspruch stutzt sich auf folgende Druckschriften: 

[Dl] J. of Chromatogr^hy, 298 (1984) 175-182, J. Sachse, Quantitative 

HochdruckflOssigkeitschromatographie von Isoflavonen in Rotklee 
[D21 Biochemical Journal, Vol.58, 1954, 283-287, D.H. Cumow, Oestrogenic Activity of 

Subterranean Clover 

[D3] Cancer Research 48, 6257-6261, November 1988, John M. Cassady et al, Use of Mammalian 
Cell Culture, . .Inhibition of Metabolism by Biochanin A, an Isoflavone from Trifolium 
pratense 

[D4) Food Additives and Contaminants, 1985, Vol.2, No,2, 73-106, K.R. Price, G.R. Fenwick, 

Naturally occurring oestrogens in foods-A review 
[D5] Reproductive Toxicology, Vol3, pp.81-89, 1989, Rami S. Kaldas et al., Reproductive and 

General Metabolic Effects of Phytoestrogens in Mammals 
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[D61 Aizneimittelwirkungen, Uhrbuch der Phamakologie und Toxikologie, Ernst Mutschler, 

Wissenschaftliche Verlagsgesellschaft mbH Stuttgart, 6. Auflage von 1991, Kapt. 2.8.1 - 
Ovarien insbesondere Oestrogene, S. 322 bis S. 325 und Kap. 10.5.2 - Oestrogene und 
Antioestrogene, S. 677 bis 669 

ID7] ReaUexikon der Medizin und ihrer Grenzgebiete 5. Band, Urban & Schwarzenberg, 1973, S. 
O20, Ostrogentherq)ie 

[D81 J.Endocr., Vol. 102. 1984, 49-56, M. Axelson, J. SjSvall, B.E. Gustafsson, K.D.R. SetcheU, 

Soya- a dietary source of the non-steroidal oestrogen equol in man and animals 
[D91 Br. Med. J. 1990, 301 : S. 905/906, G. Wilcox, M.L. Wahlqvist. H.G. Burger, G. Medley, 

Oestrogenic effects of plant foods in postmenopausal women 
IDIO] Acta Obstet. Gynaecol. Jpn., 1 984, 36: 643-645. Mochimaru. F., Toyama M., Kanakura Y., 

Inde, S.. Objective indicator for the assessment of postmenopausal hot flashes;- 

Obersetzung wird nachgeliefert 
[Dll] Technologie pflanzlicher Arzneizubereitungen, Paul Heinz List, Peter C. Schmidt. 

WissenschafUiche Verlagsgesellschaft mbH Stuttgart, 1. Auflage von 1984, Kapt. 7- Die 

Weiterverarbeitung zum Fertigarzneimittel, S. 385 bis 389. 
(D12] ASHP Statement on Unit Dose Drug Distribution, American Society of Hospital 

Pharmacists, Am. J. Hosp. Pharm., 1989, 46: 2346 
[D13] Lehrbuch der pharmazeutischen Technologie, R. Voigt, VEB Verlag Volk und Gesundheit, 

Berlin, 5. Auflage. 1984. Kapt. 22 - Waflrige AuszQge, Tinkturen, Extrakte, S. 439 bis 463 

und Kapt. 24 - StabilitSt und Stabilisierung S. 482 bis 483 
[D14] Environmental quaUty and safety: EQS; Global Aspects of Chemistry, Toxicology. Stuttgart 

Thieme Verlag; Lindner H. R.. Occurrence of Anabolic Agents in Plants and their 

Importance, S. 151-158 
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3. Gegenstand des Streitpatents 

Das Streitpatent beinhaltet einen unabhSngigen Anspruch 1 und weitere 10 auf diesen bezogene 
UnteransprUche (Anspriiche 2 bis 1 1). 

Der unabhangige Anspruch 1 enthSlt dabei die folgenden Merkmale: 

Verwendung eines Isoflavon - Phytodstrogen - Extraktes 
von Soja oder Klee 
zur Herstellung eines Medikamentes 
- zur Verabreichung in Einzeldosierungsform 

zur Behandlung des pramenstruellen Syndroms 

- zur Behandlung von menopausalen Symptomen oder 

- zur Behandlung von Prostatakrebs 

Die nachgeordneten Anspriiche 2 bis 1 1 betreffen bevorzugte Ausfiihrungsformen des Anspruchs 1 

Anspruch 2 - das Medikament enthalt zusatzlich ein nahrungsmittelgeeignetes Excipiens 
Anspruch 3 - das Isoflavon-Phytoostrogen wird aus Soja extrahiert 
Anspruch 4 - das Isoflavon- Phytoostrogen wird aus Sojahypokotylen extrahiert 
Anspruch 5 - das Isoflavon-Phytoostrogen wird aus Klee extrahiert 

Anspruch 6 - der Isoflavon-Phytoostrogen-Extrakt enthalt einen oder mehrere Vertreter aus der 
Gruppe Genistein, Daidzein oder Glycoside deren Metabolite oder Derivate 

Anspruch?- das Isoflavon-Phytoostrogen enthalt Genistein und/oder Biochanin A: Daidzein 
und/oder Formononetin in einem VerhSltnis von ungefahr 1 :2 bis 2:1 vorhanden sind 

Anspruch 8 - die Isoflavon-Phyto5strogene sind in einer Menge von ungefahr 20 mg bis 200 mg 
pro Dosiseinheit vorhanden 
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Anspruch 9 - die Verabreichung des Medikaments erfolgt wenigstens taglich iiber einen 

Zeitraumvon wenigstens einem Monat 
Anspruch 10 - der Extrakt enthalt Coumestane, Lignane und Flavone 
Anspruch 1 1 - die Dosierungseinheitsform ist eine Tablette oder Kapsel 

4. Mangelnde Offenbarung gemSQ Art 100 (b) L V. m. Art 83 

Die Losung der Aufgabe des Streitpatents - die Umwandlung des eigentlichen Wirkstoffes in ein 
Medikament in Einzeldosisform - wird nach Ansicht der Einsprechenden nicht ausreichend 
offenbart. Insbesondere die Umsetzung des technischen Merkmals, das Medikament in 
Einzeldosisform zur Verfugung zu stellen, wird von der Patentinhaberin unzureichend offenbart. 

Bekannt ist aus dem Streitpatent, dass zunSchst vorzugsweise ein flussiger Extrakt aus der 
entsprechenden Pflanze vorliegt (S. 5 Absatz 0035), dieser stellt jedoch noch keine 
Einzeldosierungsform dar. Er wird durch Zugabe von TrSgem oder Hilfsstoffen (S. 5, Zeile 29) zu 
einem Medikament formuliert. Die Beschreibung enthSlt jedoch keinerlei Angaben, welche Trager 
oder Hilfsstofife eingesetzt werden k5nnen. Als Einzeldosierungsform werden Tabletten oder 
Kapsebi bevorzugt (S. 7 Absatz 0058 und Anspruch 1 1). 

Im Beispiel 1 wird die Herstellung des fliissigen Extraktes aus der Pflanze in den Absatzen 0069 bis 
0072 beschrieben. Die Umwandlung in die Einzeldosierungsform - hier Tabletten - wird jedoch 
lediglich durch den Hinweis auf weitere zusStzliche Prozessschritte (S. 8, Zeile 50) wiedergegeben. 

Gerade bei pflanzlichen Arzneifonnen ist die Weiterverarbeitung zu den Endformulierungen mit 
mehr Schwierigkeiten als bei synthetischen Einzelstoflfen verbunden - pil] Lehrbuch zur 
Technologie pflamlicher Arzneizubereitungen, 1984, von Paul Heinz List und Peter C. Schmidt, S. 
385, rechte Spalte, 1. Absatz. 
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Je nachdem, ob der Extiakt zu Weichgelatinekapseln, Hartgelatinekapseb, Tabletten oder Dragees 
weiterverarbeitet wird, miissen unterschiedlichste Hilfsstoffe und TrSger eingesetzt werden, Einen 
flttssigen Extrakt zu einer Einzeldosierungsform wie Kapseln und Tabletten umzuarbeiten, erfordert 
in der Kegel eine Trocknung. Pflanzliche Trockenextrakte sind aufgrund schlechter 
FlieBeigenschaften, einer ausgepnlgten Hygroskopizitat und eines tief liegenden Eutektischen 
Punktes meistens aber nicht direktverpressbar. 

Fiir eine notwendige Granulierung oder die nachfolgende Tablettierung und eventuelle 
anschlieBende Dragierung sind daher meistens Hilfsstoffe erforderlich, die wiederum zu 
Unvertraglichkeiten mit den Inhaltsstoflfen des Extraktes fiihren konnen. Die Auswahl der 
Hilfsstoffe und Verfahrensparameter kann jedoch von entscheidender Bedeutung fur die fertige 
Arzneifoimulierung sein. Das Streitpatent schweigt zu einer genauen Lfisung dieser Aufgabe. 

Es ist somit nicht ausreichend oflfenbart wie die Patentinhaberin die Aufgabe I5st, aus dem 
eigentlichen Wirkstoflf, ein Medikament herzustellen, das in Einzeldosierungsform vorliegt. 

5. Mangelnde erfinderische TStigkeit gemSO Art 56 EPU 

Die Patentinhaberin selber gibt unter dem Kapitel „Background Art" einen umfangreichen Stand 
der Technik wieder, wobei entsprechende Literatur - hier in kursiver Schreibweise beispielhafl von 
der Einsprechenden angegeben - nicht benannt wurde: 

a) es gibt pflanzliche Inhaltsstoffe mit dstrogener Wirkung unter den Isoflavonen (S. 2, Absatz 
0006) 

[Dl] J. of Chromatography, 298 (1984) 175-182, 1 Sachse, Quantitative 
Hochdruckflussigkeitschromatographie von Isoflavonen in Rotklee - Absatz 1, Seite 175, 
insbesondere Zeile 10 
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[D2] BiochemicalJourml VoL58, 1954, 283-287, D.K Currtow, Oestrogenic Activity of 
Subterranean Clover-gesamter Artikel beispielsweise S,283 Spalte 2 1. Absatz Fresh Clover 
Bioassay procedure i. Km. 5. 284 2. Spalte Tabelle 1 Partition ofgenistein and 
formononetin 

und mit anti-carcinogener Wirkung 

[D3] Cancer Research 48, 6257''6261, November 1988, John M, Cassady et al, Use of 
Mammalian Cell Culture, ..Inhibition of Metabolism by BiochaninA, an Isoflavone from 
Trifolium pratense (Herstellung ethanolischer Extrakt) • Abstract 

sowie unter den Lignanen (S.2, Absatz 0008) und Coumestanen (S.2, Absatz 0009). 

Food Additives and Contaminants, 1985, Vol2, No.2, 73-106, Naturally occurring 
oestrogens in foods-A review, KR. Price, G.R. Fenwick - S 85 Absatz Coumestans 

b) die Wirkmechanismen dieser Phyto-Ostrogene (S. 3 Absatze 0012 bis 0014 und S. 4 Absatz 
0026) 

\P5] Reproductive Toxicology, VoL3, pp,81-89, 1989, Reproductive and General Metabolic 
Effects of Phytoestrogens in Mammals, Rami S. Kaldas et al - Seite 83 Absatz Receptor 
activity and interaction, Seite 88 Phytoestrogens in Human Disease 

c) entsprechende Krankheiten, die abhangig vom Ostrogenmetabolismus sind und mit der Gabe von 
Phyto-Ostrogenen behandelt werden k(3nnen (Seite 4 Absatz 0024). 

[D5] Reproductive Toxicology, Vol 3, pp.8 1-89, 1989, Reproductive and General Metabolic 
Effectsof Phytoestrogens in Mammals, Rami S. Kaldas et al - Seite 88 Phytoestrogens in 
Human Disease 

\D6] Arzneimittelwirkungen, Mutschler, 6. Auflage, 1991, Seite 324-325 iibergreifender 
Absatz - Indikationen fur Ostrogene 

P7] Reallexikon der Medizin, 1973, Ansatz Ostrogentherapie, S. O20 
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d) das Vorkommen der Phyto-Ostrogene in Kleesorten (S. 3, Absatz 0015 und S. 6 Absatz 0049) 

[Dl] J. of Chromatography, 298 (1984) 175-181 J. Sachse, Quantitative 
HochdruckfliissigkeitschroTnatographie von Isoflavonen in Rotklee - gesamter Artikel, 
insbesondere S.176, Ergebnisse und Diskussion Absdtze 1 und 3 
\D2] BiochemicalJournal Vol58, 1954, 283-287, DM. Curnow, Oestrogenic Activity of 
Subterranean Clover - gesamter Artikel siehe Tabelle 2 oder Summary Punk 2 
und in Sojabohnen (S.6 Absatz 0055), 

p4] Food Additives and Contaminants, 1985, Vol2, No.2, 73-106, Naturally occurring 
oestrogens in foods-A review, ICR, Price, G.H Fenwick, Tabelle 1, Soya speziell Tabelle 3, 
S 84 und Tabelle 5,5.87 

\D«\J£ndocn, Vol, 102, 1984, 49-56, M, Axelson, J. Sjovall, B,E. Gustafsson, K.D,R, 
Setchell, Soya- a dietary source of the non-steroidal oestrogen equol in man and animals- 
abstract und S. 50 Absatz 2 - Isolation of daidzain from soya 
sowie 

e) eine Studie, in der Frauen mit menopausalen Beschwerden nach einer DiSt mit phyto- 
ostrogenreichen Nahmngsmitteln wie Soya, Leinsamen oder Rotklee eine Erleichterung ihrer 
Beschwerden erfahren, die vergleichbar mit der Ersatztherapie mit synthetischen Ostrogenen ist (S. 
4 Absatz 0027). 

[D9] Br, Med J, 1990, 301: S 905/906, G. Wilcox, M.L Wahlqvist, KG. Burger, G, 

Medley, Oestrogenic effects of plant foods in postmenopausal women 

[DIO] Acta Obstet, Gynaecol. Jpn., 1984, 36: 643-645, Objective indicator for the 

assessment of postmenopausal hot flashes; Mochimaru, F, Toyama M„ Kanakura Y„ Inde, 

S. 

Nachstliegender Stand der Technik ist nach Ansicht der Einsprechenden die von der 
Patentinhaberin Lm Streitpatent auf Seite 4, Absatz 0027 Zeile 47-50 selber aufgefuhrte Studie, die 
belegt, dass Frauen im Klimakterium, die phyto-ostrogenreiche Nahrungsmittel wie Soja, 
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Leinsamen oder Rotklee erhalten, eine Linderung ihrer menopausalen Beschwerden vergleichend 
einer synthetischen Ostrogentherapie erfahren. 

Im Unterschied zu dieser Studie setzt die Patentinhaberin phyto-ostrogenreiche Extrakte von Soja 
oder Klee zur Herstellung eines Arzneimittels in Einzeldosisform ein, das zur gleichen Behandlung 
dienen soil. 

Der Eflfekt dieses Unterschiedes ist, dass die eigentlichen WirkstofFe in aufkonzentrierter Form 
vorliegen und gezielter appliziert werden konnen. 

Die objektive Aufgabe besteht also darin, die phyto-ostrogenen WirkstofFe effizienter zur 
Behandlung von postmenopausalen Beschwerden zur Verfugung zu stellen. 

Diese Aufgabe wird von der Patentinhaberin in zweistufiger Weise gel6st, einerseits damit, dass sie 
eine Verabreichung in auflconzentrierter Form namlich als Arzneimittel, das Extrakte aus Soja oder 
Klee enthalt, vorschlSgt, andererseits, dass sie eine Verabreichung in Einzeldosierungsform zur 
Verfilgung stellt. 

Dem Fachmann fur medizinische Behandlungen oder Arzneimittel ist jedoch hinreichend bekannt, 
dass man pflanzliche InhaltsstofFe aufkonzentrieren oder isolieren kann und entsprechend zu 
Arzneiformen weiterverarbeiten kann - siehe pil] Lehrbuch zur Technologie pflamlicher 
Arzneizubereitungen 1984, von Paul Heinz List und Peter C Schmidt, S. 

Die Moglichkeit, dass sich phyto-ostrogene Rotklee-InhaltsstofFe auch auflconzentrieren lassen, 
kann der Fachmann auBerdem der [Dl] S. 175 Absatz 2, unter Extraktion sowie in der P2] S. 284 
linke Spalte unter Macro-method of estimation ofgenistein in clover entnehmen, die die Herstellung 
eines Rotklee-Extraktes und die Aufkonzentrierung der WirkstofFe beschreibt. 

Der nacharbeitende Fachmann musste somit nicht erfinderisch tatig werden und die vermeintliche 
Erfindung wird durch den Stand der Technik nahegelegt. 

Unabhangig von der Losung, die WirkstofFe in Form eines Arzneimittels aufeukonzentrieren und 
anzubieten, ist der EfFekt, das Medikament „in Einzeldosierungsform" zu applizieren der, dass der 
Patient seine Arzneiform einfacher und sicherer eiiuiehmen kann. Der Fachmann versteht unter 
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Einzeldosierungsformen Arzneifonnen, die eine abgeteilte Einzeldosis enthalten, wie beispielsweise 
Kapseln oder Tabletten. 

Objektive Aufgabe in Bezug auf das Merkmai „Ein2eldosieruiigsform" wSre es somit, im Rahmen 
der effizienteren Anbietimg die Verabreichung der phyto-6strogenen WirkstofFe fiir den Patienten 
einfacher und sicherer zu gestalten. 

Auch die LGsung dieser Aufgabe ist aus dem Stand der Technik nahegelegt. Die verbesserte und 
sichere Einnahme von Einzeldosierungsformen geh5rt zum Wissen eines Durchschnittsfachmannes 
und ist beispielsweise wiedergegeben in [D12] ASHP Statement on Unit Dose Drug Distribution, 
American Society of Hospital Pharmacists. Am J. Hosp. Pharm., 1989, 46: 2346, Ein weiterer 
Vorteil gerade von Tabletten und Kapseln, namlich die verbesserte Stabilitat, ist ebenfalls in den 
einschlagigen LehrbOchem zu Ameiformulierungen vermerkt ([D13] Lehrbuch der 
pharmazeutischen Technologies R. Voigt, VEB Verlag Volk und Gesundheit, Berlin, 5. Auflage, 
7P54,S.483, Z. 11 bis 18). 

Keiner der Einzelschritte - das zur Verfiigung stellen eines Arzneimittels oder die Verabreichung in 
Einzeldosierungsform - beruhen somit auf einer erfinderischen Tatigkeit. Auch die Kombination 
der Schritte wird durch den Stand der Technik in Oblichen Lehrbuchem [Dll] oder [D13] 
nahegelegt. 

Vorausgesetzt die Patentinhaberin wurde den nach Ansicht der Einsprechenden nicht erfinderischen 
Hauptanspruch durch Merkmale aus den UnteransprUchen ergSnzen, wSre der neue Anspruch aus 
dem Stand der Technik immer noch bekannt: 

So ist es iiblich, dass ein Medikament - wie im Anspruch 2 oflfenbart - zusatzlich einen 
nahrungsmittelgeeigneten HilfsstofF oder TrSger enthalt - siehe Lehrbucher [Dl 1] und pi3]. 
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Dass das Isoflavon-Phytoostrogen aus Soja (Anspruch 3) oder Sojahypokotylen (Anspruch 4) 
extrahiert wird, ergibt sich ebenfalls aus dem bekannten Stand der Technik [D4] Tabelle 5 S. 87. 
Die Extraktion aus Rotklee (Anspruch 5) wurde bereits unter Anspruch 1 mit der pi] S. 175 und 
[D2] auf S.284 abgehandelt, 

Der Isoflavon-Phytoostrogen-Extrakt soil laut Anspruch 6 einen oder mehrere Vertreter aus der 
Gruppe Genistein, Daidzein oder Glycoside deren Metabolite oder Derivate enthalten. Auch dieses 
Merkmal ist gemaB [D4] auf S. 75 letzte zwei Zeilen; pi] auf S.177 und fiir Genistein aus der 
P2] nahegelegt. 

Anspruch 7 beansprucht, dass das Isoflavon-Phytodstrogen Genistein und/oder Biochanin A: 
Daidzein und/oder Formononetin in einem Verhaltnis von ungefahr 1:2 bis 2:1 enthSlt. Da die 
Verteilung der Inhaltsstoffen dem Vorkommen in der Pflanze entspricht ist auch dieses Merkmal 
nicht erfinderisch. Als Beispiel soli die pi4] dienen Environmental quality and safety: EQS; 
Global Aspects of Chemistry, Toxicology, Stuttgart Thieme Verlag; Lindner K R., Occurrence of 
Anabolic Agents in Plants and their Importance, S. 151-158. Auf S. 154 ist die Zusammensetzung 
der Isoflavone aus Sojabohnen angegeben. Nimmt man die Menge an Genistein (18,6) zu Daidzin 
(30.0) oder Genistein (18,6) zu Daidzin (30,0) und Formononentin (4,3) so liegen diese 
Mengenverhaltnisse in dem beanspruchten Bereich. 

Fine wie m Anspruch 8 offenbarte Dosis an Isoflavon-PhytoSstrogenen ist von dem jeweiligen 
Extraktes und der eingesetzten Applikationsform abhangig und kann im Einzeben durch Versuche 
ermittelt werden. Sie macht die Herstellung eines Medikamentes oder eine Anwendung nicht neu 
oder erfinderisch, wenn die ablichen zu dieser Indikation emgesetzten Dosen an Ostrogenen 
bekannt sind und dieser Dosis entsprechen. 

Das gleiche gilt fur die Verabreichung eines Medikaments - Anspruch 9. Sie erfolgt auch bei der 
synthetischen Ostrogentherapie wenigstens taglich und iiber einen Zeitraum von wenigstens einem 
Monat. 
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Auch Anspruch 10 macht den Gegenstand des Patentes nicht erfinderisch, so ist beispielsweise 
bekannt, dass bestimmte Kleesorten Coumestane enthalten [D4] - S.85 Absatz Coumestans in 
Ladino Kleesorten. 

Die in Anspruch 11 beanspruchte Dosieningseinheitsform einer Tablette oder Kapsel wurde schon 
ausfiihrlich unter Anspruch 1 abgehandelt. 

Somit ist nach Ansicht der Einsprechenden die Anforderung an die erfinderische Tatigkeit fiir den 
unabhangigen Anspruch 1 nicht erfUllt und auch die beschreibenden Merkmale aus den 
Unteranspriichen 2 bis 1 1 eignen sich nicht zur Erklamng des erfinderischen Schrittes. 

6. Zusammenfassung 

Zusammenfassend ist die Einsprechende somit der Ansicht, dass das Streitpatent die Anfordemngen 
an die erfinderische Tatigkeit gemaB Artikel 56 EPO nicht erfiiUt Des Weiteren ist gemafl Artikel 
100 b) EPO die Erfindung nicht so deutlich und voUstSndig offenbart, dass ein Fachmann sie 
ausfiihren kann. Sie beantragt daher den Widerruf des Patentes in voUem Umfang und alien 
benannten Vertragsstaaten. 

Cognis Deutscbland GmbH & Co. KG 




Anlage 
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E-CO-I IP 
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nach der Wahrung des Staats, in dem 
das Konto gefilhrt wird. Verwenden Sie 
die auf der Rttckseite aufgefilhrte 
Abktlrzung fUr die Zahlungswahrung. 

4. Nut bei Abweichung gegentlber den 
in Feld 32.2 des EPA-Formblatts 1001 
(Erteilungsantrag) oder in Feld V des 
PCT-Formblatts RO/101 angekreuzten 
Vertragsstaaten sollen die einzelnen 
Vertragsstaaten angegeben werden. 

5. Bei der Zahlung von Erstreckungs- 
gebOhren ist anzugeben, filr welche 
Staaten diese Gebtlhren bestimmt sind. 

6. Einspruch 



KennzifFer 

001 Anmeldegebtlhr 

002 RecherchengebUhr 

005 BenennungsgebUhr(en) 

015 Anspruchsgebahr(en) 
(Regel3l(l)EP0) 

055 Zusatzliche Kopie 

006 PrUfungsgebUhr 

007 ErteilungsgebOhr ein- 
schlieBlich Druckkos- 
tengebtlhr (bis 35 Sei- 
ten) 

008 ZusStzliche Dnickkos- 
tengebohr (mehr als 
35 Seiten) 



Wahrung 



Betrag 



JahresgebUhr ftir das 
3.Jahr 

EinspnichsgebOhren 



033 
010 

ErstreckungsgebQhir(en) 



\ 
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Quantitative Hochdrucicflfissigchromatographie von isoflavonen in 
Rotklee ( Trifolium pratense L.) 

J. SACHSE 

Eidgendssische Forschungsanstalt fUr landwirtschaftUchert Pflanzenbau, Reckenholzstrasse 19II211, CH- 
8046 Zurich (Schweiz) 
(Eingegangen am 2. Mai 1984) 

Die quantitative Bestimmung von Isoflavonen ist wegen der ostrogenen, an- 
ipxidierenden, fungiziden und antihSmolytischen Eigenschaftcn^"^ dieser Substanzen 
Pen Bedeutung. Bisher konnten diese Stoffe nach der klassischen saulen- und diinn- 
schichtchromatographischen Reinigung photometrisch erfasst werden*. Die Einfiih- 
rung der Hochdruckflussigchromatographie (HPLC) ermoglicht es, das erste arbeits- 
und zeitaufwendige Verfahren durch ein rascheres zu ersetzen, woriiber bereits einige 
Publikationen vorliegen. Die Untersuchungen betreffen Reinsubstanzen^ sowie die 
isoflavonhaltigen Pflanzen Glyzine soja L,^^^ Trifolium subterraneum L,^^*^^ und 
Cicer arietinum l^M, die fur die menschliche oder tierische Ernahrung angebaut wer- 
den. Ein Teil der ostrogenen Isoflavone wurden sowohl als Glycoside als auch als 
Aglycone bestinunt. Diese Isoflavone kommen fast nur in den Leguminosen vor, ihre 
qualitative und quantitative Zusanimensetzung ist jedoch in jeder Pflanzenart ver- 
schieden, was ein Vergleich zwischen den naheverwandten Arten Rot- und Weissklee 
zeigt^. Ausserdem erfordert wegen des unterschiedlichen komplexen Gehaltes an Be- 
gleitstoffen jedes Untersuchungsobjekt eine andere Bestimmungsmethode, so dass 
vorhandene Verfahren nicht ohne wei teres tibemommen werden konnen. Dies bezieht 
sich sowohl auf die Extraktion als auch auf die Auftrenntechnik mit HPLC. 

ti Das Ziel dieser Arbeit war es, fur die quantitative Bestimmung der fiinf Iso- ^/ 
avonaglykone Biochanin A, Formononetin, Pratensein, Genistein und Daidzein in ^ 
Rotklee mit Hilfe der HPLC eine Methode zu entwickeln. 

EXPERIMENTELLER TEIL 



Man lasst 1 g gefriergetrocknetes, feingemahlenes Material (dreizchn Rotklee- 
Zuchtstamme. Emte 1983, 2. Schnitt) mit 30 ml Wasser 1 h quellen, Nach Zugabc 
von. 100 ml Athanol (95%) den Ansatz 1 h riihren oder iiber Nacht stehen lassen. 
Den festen Anteil abnutschen, mit Athanol gut nachwaschen und das Filtrat bei 50"C 
am Rotationsverdampfer eindampfen. Den Rflckstand mit 15 ml 2 AT Salzsiure 1 
Stunde im siedenden Wasserbad hydrolysieren. Nach dem Neutralisieren mit konz. 
Natronlauge auf pH 5-6 das Hydrolysat mit heissem Athanol (95%) quantitativ in 
einen 50 ml Messkolben spulen. Fiir die Idehtitats- und Reinheitspriifung der Peaks 
einen Extrakt aus 3 g Klee/100 ml nach dem gleichen Verfahren herstellen. 



Extraktion 
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NOTES 



, HPLC 

Gerat: Perkin-Elmer Liquid Chromatograph Series 3B, Rheodyne Probenauf- 
geber 7125 mit 20 /il Schleife. Detektor: Perkin Elmer Spectrometric Detector LC 75 
mit AutocontroL Schreiber: W + W Recorder 1100. Integrator: Spectra-Physics 
Autolab System L 

(a) HPLC von Reinsubstanzen: Hibar-Fertigsaule Merck 250 x 4 mm, Li- 
Chrosorb RP-18, 10 ixtti. Eluent: Acetonitril (Mallirickrodt Chromar)-bidestilliertes 
Wasser. Gradient: linear, 15 min, 30 bis 80% Acetonitril, Fliessgeschwindigkeit: 1.8 
ml/min Papiervorschub: 1 cm/min, Detektion: 260 nm. Schreibervollausschlag bei 
einer Extinktion von 0*64. Isoflavonkonzentration: 1 /ig/20 /il 

(b) HPLC der Klee-Extrakte: Hibar-Fertigsaule Merck 250 x 4 mm, LiChro- 
sorb RP-18, 5 /mi. Eluent: Acetonitril (Mallinckrodt Chromar)-bidestilliertes Wasser 
mit einem Zusatz von 0.5% (v/v) Phosphorsaure 85% (Merck p.a.) bzw. 0.5% (v/v) 
Ameisensaure 98^100% (Merck p.a.). Gradient: 10 min 0.1-20% Acetonitril linear, 
42 min 20-33% Acetonitril linear, 10 min 33-37 Acetonitril konkav, 20 min, 40% 

•^cetonitril isokratisch bei Raumtemperatur. Fliessgeschwindigkeit: 0,9 ml/min. De- 
tektion: 260 nm, Schreibervollausschlag bei einer Extinktion von 0J6. Papiervor- 
schub: 0.1 cm/min. Integration: Extemer Standard, Herkunft der Isoflavone"*. Stan- 
dardlosung: Je 5 mg der Isoflavone in 50 ml Athanol Idsen. Etwa 60 ti\ dieser Stan- 
dardlosung bzw. des Extraktes im 50 ml Messkolben injizieren. 

Das angefallene Acetonitril auf folgende Weise vernichten: 2 1 des Gemisches 
in einem 3-1 Rundkolben mit 400 g techn, Natriumhydroxid in drei Portionen ver- 
setzen. Mit aufgesetztem Kiihler in einem Abzug gut schiitteln, bis zur nSchsten 
Zugabe abkiihlen lassen. Das Acetonitril trennt sich bei der ersten Portion Na- 
triumhydroxid von der wassrigen Phase. Nach der letzten Zugabe einige Stedesteine 
beifugen, das Gemisch in einer Heizkalotte bis zum Sieden der oberen Phase unter 
guter Kuhlung im Abzug erhitzen bis keine zwei Phasen mehr sichtbar sind (etwa 
3-4 h). Nach dem Abkiihlen kristallisiert der Kolbeninhalt in langen Kristallnadcln 
fast ohne Fliissigkeitsrest aus. 

^feGEBNISSE UND DISKUSSION 

Die gewonnenen Ergebnisse uber den Gehalt an Isoflavonen in Rotklce-Zucht- 
stammen, die verschiedenen morphologischen Gruppen angehdren, zeigen Formo- 
nonetin und Biochanin A als Hauptkomponenten (Tabelle I). Genistein und Daidzein 
mit drei bzw. zwei Hydroxylgruppen am Molekiil (Fig. 1) konnen als Vorlaufer von 
Biochanin A und Formononetin betrachtet werden, die in der Pflanze durch Methy- 
lierung der Hydroxylgruppe an C-4' zu stabileren sekundaren Stoffwechselprodukten 
iiberfuhrt werden. 

Von den dreizehn untersuchten Genotypen besitzen die Zuchtstamme vier den 
niedrigsten (398 mg) und acht den hochsten Gehalt (739 mg) an Biochanin A. Fiir 
Formononetin sind es die entsprechenden StSmme 1 1 und 12 mit rund 780 und 980 
mg dieses Isoflavons, 

Wie Fig. 2 zeigt, lassen sich die fiinf Isoflavone einschliesslich des Cumarin- 
denvates Cumostrol, das ebenfaUs in Luzerne und Kleearten gefunden wurde und 
ostrogene Eigenschaften besitzt^^", innerhalb von 11 min trennen. Da bekanntlich 
polare Substanzen vor weniger polaren von einer Umkehrphasensaule eluiert werden 
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Daldzein 
Genlstein 
ppolensein 
Formononetin OH 



OH OH 
OH OH 
H 



Biochonln A OH OH 



H 
H 

OCH, OH 
OCH3 H 
OCHa H 




Cumostrol 

rig. 1. Strukturformel von einigen Isoflavonen und Cum6strol. 



.5. - A 



I I — I — » 




mi n 80 60 AoltJ 



Fig. 2. HPLC-Chromatogramm von fQnf Isoflavonen und CumSstrol. 1 = Daidzein. 2 = Genistein. 3 
- Cumdstrcl. 4 » Pratensein. 5 = Fomcnonetin, 6 = Biochanin A. Chromatogiaphische Bedmgungen 
siche experimentellen Tdl, 

Fig 3 HPLC-Chromatogramm cines Rotklec-Bxtraktes. 1 = Daidzein, 2 = Genistein, 3 = Pratensein, 
4 » FormononeUn, 5 = Biochanin A. Chromatographischc Bedingungen siehe experimentellen Teil. 
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-ergibt sich fur die sechs Substanzen die Reihenfolge: Datdzein, Genistein, Cumostrol, 
Pratensein, Formononetin und Biochanin A. Obgleich Daidzein eine Hydroxylgrup- 
pe weniger als Genistein besitzt (Fig, 1), wird es vor letzteren eluiert. Der WasserstoflF 
der Hydroxylgruppe an C-5 ist durch Van der Waals&che Krafte an die Keto gruppe 
an C*4 gebunden, wodurch Genistein lipophilere Eigenschaften erhalt. Das gleiche 
gilt fur das Isoflavonpaar Formononetin und Biochanin A. Eine Methoxylgruppe 
statt einer Hydroxylgruppe an C-4' macht die Verbindung unpolarer, infolgedessen 
werden Daidzein, Genistein und Cumostrol vor Pratensein, Formononetin und Bio- 
chanin A eluiert. Durch eine dritte Hydroxylgruppe an C-3' wird Pratensein vor 
Formononetin und Biochanin A, aber wegen der Methoxygruppe an nach Ge- 
nistein von der Saule abgelost. Cumostrol ist mit zwei Hydroxylgruppen an C-7 und 
C-4', einer Sauerstoffbriicke zwischen C-4 und C-6' und der Ketogruppe an C-2 
weniger polar als Genistein. 

Der aus 1 g Probenmaterial erhaltene Extrakt enthalt noch so viele bei 260 nm 
absorbierende Substanzen, dass die Bestimmung der funf Isoflavone, deren Absorp- 

fpnsmaxima bei 250 und 263 nm liegen, nicht mehr in kurzer Zeit erfolgen kann, 
enn moglichst nicht verunreinigte Peaks erhalten werden sollen, Ausserdem war es 
vorteilhaft, die lonisation der Isoflavone durch Saurezusatz im Eluenten B zu unter- 
driicken und somit scharfere Peaks zu erzielen. Dafur boten sich sowohl Phosphor- 
saure als auch Ameisensaure^ in einer Konzentration von 0.5% (v/v) an. Hohere 

TABELLE H 

IDENTIFIKATION UND REINHEfFSPROFUNG DER ISOFLAVONPEAKS 
Messung jedes Isoflavonpeaks an drei Punkten, 

Isoflavone Exiinkiionsquoiient "absorbance ratio'* Exttnkiionsbereich 

— der Isoflavone 

2401257 nm 2571230 nm 2401310 nm aus dem Extrakt 



Standard Extrakt Standard Extrakt Standard Extrakt 



daidzein 


1.00 


1.03 


2.43 


2.58 


2.46 


2.67 


0.011-0.032 




1.01 


1.03 


2.45 


2.58 


2.47 


2.67 






I.Ol 


1.04 


2.48 


2.18 


2.50 


2.27 




Genistein 


0.45 


0.38 


5.98 


8.67 


2.78 


3.33 


0.006-0.025 




0.46 


0.48 


6.03 


4.16 


2.81 


2.00 






0.46 


0.57 


6.11 


3.50 


2.83 


2.00 




Pratensein 


O.SO 


0.71 


4.08 


3.17 


2.11 


2.25 


0.012-0.055 




0.52 


0.65 


4.09 


3.43 


2.13 


2,25 






0.51 


0.68 


4.08 


3.15 


2.11 


2. IS 




Formononetin 


0.95 


0.96 


. 2.57 


2.58 


2.45 


2.49 


0.199-1.036 




0.96 


0.96 


2.57 


2.58 


2.47 


2.49 






0.96 


0.96 


2.57 


2.60 


2.48 


2.50 




Biochanin A 


0.46 


0.43 


6.11 


6.00 


2.83 


2.94 


0.016-0.297 




0.47 


0.45 


6.19 


6.18 


2.89 


2.81 






0.48 


0.45 


6.17 


6.30 


2.96 


2.84 
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Konzentrationen brachten keine weiteren Vorteile. Die bessere Auftrennung wird mit 
Ameisensaure erreicht, die einerseits lonendepression ennoglicht, anderseits auch als 
Losungsmittel fur die Isoflavone wirkt. Nachteilig ist die Eigenabsorption der Amei- 
sensaure unter 250 rnn, die die Aufnahme von Absorptionsspektren und eine Rein- 
heitspriifiing der Isoflavonpeaks durch "absorbance ratio" und den "absorbance in- 
dex" (siehe unten) ausschliesst. Fig. 3 zcigt ein Chroraatogramm eines Rctklee-Ex- 
traktes. Peaks 1-5 warden mit Vergleichssubstanzen und an Hand ihrer Absorptions- 
spektren, die direkt wahrend der unterbrochenen Elution mit Hilfe des LC-75-Au- 
tocontrol-Detektors erhalten wurden, identifiziert. AHerdings sagen die Absorptions- 
spektren iiber eventuelle Verunreinigungen eines Peaks wenig aus. Dies wurde aus 
dem Quotienten zweier Extinktionen bei verschiedenen Wellenlangen an einem Peak 
ermittelt und ergibt die "absorbance ratio" (Tabclle II)". Die Extinktionsmessung 
erfolgte bei 240, 257 und 310 nm an der auf- und absteigenden Seite des Peaks sowie 
auf seinem Scheiteipunkt. Der Peak ist dann nicht verunreinigt, wenn die erhaltenen 
^Quotienten an alien drei Messpunkten wenig von einander abweichen und den Wer- 
^en der Standardsubstanzen entsprechen. Dies trifft fur Biochanin A und Formo- 
nonetin eindeutig, fur Daidzein annahernd und fur Genistein und Pratensein nicht 
mehr zu. AHerdings muss erwahnt werden, dass konstante Extinktionsquotienten nur 
dann zu erhalten sind, wenn die Extinktionen nicht unter 0.05 liegen, da sonst geringe 
Messabweichungen bereits wesentliche Veranderungen der Quotienten bedingen. 
Diese Methode erlaubt es gleichzeitig zu erkennen, ob die Verunreinigung vor oder 
nach dem interessierenden Peak eluiert wird. Ausserdem l§sst sich ermitteln, ob zwei 
schlecht getrennte Peaks auf einen Riss in der Saule zuruckzufuhren sind oder tat- 
sachlich zwei verschiedene Substanzen bedeuten. Ein Urteil uber die Trennleistung 
einer Saule nach langerem Gebrauch ist durch diese Technik ebenfalls moglich. 

Ein weiterer Test auf verunreinigte Peaks stellt der "absorbance index" dar, 
bei dem die Extinktionen eines Peaks an zwei verschiedenen Punkten tiber das Ab- 
sorptionsspektrum der entsprechenden Substanz z.B. aller 10 nm von 210 bis 290 nm 
gemessen werden. Der Quotient aus den beiden Werten soilte bei jeder Wellenlange 

•gleich sein bzw. nicht mehr als 2% abweichen. Das wird erreicht, wenn die Extink- 
tionen hoch sind, diese sich bei derselben Wellenlange durch Anderung der Konzen- 
trationen in der Messzelle wesentlich unterscheiden, so dass daraus ein hoher Quo- 
tient resultiert (Tabelle HI). Mit Eichsubstanzen lasst sich dies ohne Miihe erzielen, 
im Rotklee-Extrakt liegen jedoch nur Formononetin und Biochanin A in ausrei- 
chender Konzentration vor. Hingegen sind die Mengen an Daidzein, Genistein und 
Pratensein eindeutig zu gering, so dass das Verhaltnis des Signals zum Rauschen sehr 
ungunstig wird. Eine starke Konzentrierung des Extraktes wiirde die Trennleistung 
der verwendeten Saule durch den grossen Anteil an Begleitstoffen ubersteigen. Eine 
vcrlustlose Vorreinigung der Extrakte mit einer Sep-Pak Gib Cartridge von Waters 
Associates ermoglicht zwar die Abtrennung der vor Daidzein elwerbaren Stoffe, ve- 
reinfacht aber das eigentliche Trennproblem nicht. 

Da sich Rotklee-Extrakte in ihrer chemischen Zusammensetzung und in ihren 
physikochemischen Eigenschaften unterscheiden konnen, was sich schon oft beim 
Extrahieren und Filtrieren bemerkbar macht, kann die Auftrennung der Isoflavone 
durch HPLC in ihrer Qualitat schwanken. Wegen der zahlreichen unbekannten und 
womoglich chemisch sehr ahnlichen Begleitstolfe muss damit gerechnet werden, dass 
eventuelle Verunreinigungen gleiche Retentionszeiten wie die interessierenden Sub- 
stanzen besitzen und infolgedessen nicht von einander trennbar sind. 
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Oestrogenic Activity of Subterranean Clover 

2 THE ISOLATION OF CENISTEIN FROM SUBTERRANEAN CLOV^ER 
AND METHODS OF QUANTITATIVE ESTLMATION 

By D. H. CURNOW* 
Department of Agriculture of Western AustnUia, Animal Health and Nutritwn Laboratones, 
Svvyih Road, Sedlande, Western Australia 

{Received 9 November 1953) 



The isolation of small amounts of genistein (5:7:4'- 
tfihydroxy-iwflavone) from subterranean clover 
{Trifolium etttterraneum var. DuxUganup) and the 
demonstration of its weakly oestrogenic properties 
(Bradbury & Whit*, 1951. and Bigger* A Cumow, 
1954), together with the difficulties in the synthesiB 
of this compound, made it important that a more 
efficient method be found for the isolation of this 
woflftvone from the clover. Also, the amoimt of 
genistein isolated by Bradbury & White (2 mg./ 
100 g. of fresh clover) and its low oestrogenic 
activity (Biggers & Cumow, 1954) were not nearly 
sufficient to account for the activity of the fresh 
plant (Robinson, 1949) and left considerable doubt 
as to whether this compound waa responsible for 
the oestrogenic activity of the clover. 

The present study has shown, however, that the 
clover contains much more genistein than found by 
these workers. The amount now found indicates 
that genistein could indeed be responsible for the 
activity of the plant and therefore for the infertility 
in sheep grazing on subterranean -clover pastures. 
This finding called for rapid and efficient methods of 
estimation of this compound in the plant. For the 
determination of the genistein content of the clover 
at various stages of growth, under various nutri- 
tional conditions, in different seasons and in various 
strains, an accurate method of estimation was 
required, whereas for the purposes of the plant 
geneticist a rapid method was desired for use with 
small amounts of the material (parts of a single 
plant), in which great accuracy is a secondary con- 
sideration. Methods fulfilling these two sets of 
requirements have been developed and are presented 
here. 

EXPERIMENTAL 
Materiala 

*Chloroptast fradion\ The •chloroplaat fraction* was 
prepared as described by Bradbury & White (1951) from the 
Dimtjonupatiain of snbtcrraocan clover. From 4020 kg. of 
fresh plant 15 kg. of 'chloroplaat' waa produced. 

• Present addresa: Public Health Laboratories, Royal 
Perth HoepiUl, Perth. Western Aosttalia. 



^FrejA eiocer. Oover waa cot and weighed in the field and 
placed immediately in etbanoL 

Silica gd. Davison Chemical Corporaiion '200 mesh* 
nliea gel waa nsed. 

BioMsoy procedure. The methods described in the previous 
paper (Biggera & Cumow. 1954) were used for the assay of 
the oeatrogenic activity of extracts. 

IsolatUm of genistein from * chkroplast' 
Bttraetum, An amount of 100 g. of 'chloroplasi' was 
extracted with 1 1. ethanol for 30 min. while being stirred 
under reflux. The reeidue waa extracted with a further 
600 ml. ethanol. under reflux for 13 min. The combined 
extract contained 7-2 g. of solid. Extraction of the chloro- 
plast residue with ethanol and with etbanolic NaOH faUed 
to yield any further oestrogenic material. 

Purijieatitm. The combined ethanol extracts were 
evaporated in wcuo to a volume of 600 ml. Water waa added 
to bring the volume to 1000 ml. and the mixture extracted 
4 times with 200 ml. benxene. The beniene extracts were 
washed In counlercurrent fashion 4 times with 200 ml, 60% 
(v/v) ethanol. This treatment removed from the aqueous 
ethanol aU the chlorophyU and fau. and left a clear pale- 
ycUow solution. The dark-green benxene phase contained 
2-78 g. of solid which showed no oestrogenic activity on 
injection in ovariectomixed mice either before or after 
saponification. 

The aqueous ethanol phase was evaporated in wicuo to 
a volume of 200 mL and extracted 4 times with '200 mL of 
ether. The aqueous phase after concentration showed no 
oestrogettic activity. The ether phase was extracted 4 Umes 
with 20 ml. saturated aqueous NaHCO, and then twice with 
20 ml. water. (The dark brown aqueous extract waa acidified 
with H,SO, and extraction with ether yielded 0-74 g. of 
material with no oestrogenic acUvily.) The ether phase 
contained 3-50 g. of light yellow solid with oestrogenic 
activitv equal to that of approx . 6 fig. oestradiol. Chromato- 
graphy of 250 mg. of this material on 50 g. siUca gel, by 
using light petroleum-ether mixtures and determining the 
ultraviolet absorption curves of the duates to locate the 
genistein fractions, aa in the macro-method below, yielded 
30 mg. of genistein, which after recrysUUiiation from 
aqueous ethanol gave m.p. 300-30 r (decomp.) (corr.) not 
depressed by a synthetic sample. Thus 100 g. of *chloro- 
plast' yielded 420 mg. of genistein. Related to the onginal 
ftesh clover this is equivalent to about 3 mg./lOO g. (12 mg./ 
100 g. dry malUr), which is the figure given by Bradbury & 
White (1951). 
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IsolcUion of genistein from/resfkdover 
from 100 g. fresh cloTCr (16 g. dr>' matter), treated 
precbe]y m fgr the 'chloroplost*. fidmg. pure genistein 
were isolated. This is equivalent to 369 mg. genistein/ 
100 g. dry matter of clover. 

MacTO-niethod of eaiitnation of genistein in clover 
Hampling. Samples of 30g. fresh clover were taken from 
the field and placed immediately in 200 ml. ethonoL 
A separate sample was taken for drying and estimation of 
I dry.matter content. 

f Extratiion. The fresh clover was refluxed with the 200 ml. 
ethanol for 15 mm^ cooled and filtered. The resLdne was 
macerated vith a further 300 ml. ethanol in a. Tovnaon 
and fiercer (Croydon, Surrey) top-drive macerator and 
refluzed for 30 min.. cooled and altered. The macerated 
residue vas washed with 50 ml ethanol and all the ethanol 
extracts were combined. 

Extraction of the residue, either with ethanol or with 
ethsnolic NaOU, failed to yield any extract with oestrogenic 
activity. 

Aqueous ftAanof-^ensene partilion. The combined ethanol 
extracts were evaporated tn mcuo to 150 ml. and water was 
added to bring the volume to 250 ml. The resulting 60% 
ethanol solution was extracted with three 50 ml. portions 
of benzene, the separating funnel being gently rotated to 
avoid the formation of troublesome emahdons. The throe 
benzene extiBcts were kept apart and extracted in counter- 
current fashion with five 50 ml. portions of 60% ethanol. 

The beutene extract was evaporated to dryness, hydro- 
lysed under reflux witb 100 ml. ethanolic F-XaOH and the 
'phenol* fraction isolated in the usual way. Injection in 
ovariectomixed mice showed that it contained less than 5 % 
of the total oestrogenic activity of the ori^nal extract. 

Thus the fata and chlorophylls were retained in the 
becrene phase wheroas the clear, Caintly yellow aqueous- 
ethanol phase contained more than 05% of the oestrogenic 
I material. 

' The partition coefficient of genistein between benxene and 
aqueous ethanol was estimated in the fbUowing manner. 
Samples of 0-5 mg. genistein were shaken with 60 ml. 
aqueous ethanol (50, 60 and 70%, v/v) and 50 ml benzene 
and the phases allowed to separate. The temperature was 
1 9'. The aqueous ethanol phases were evaporated to dryness 
in tnetto and the residues dissolved in SO mL ethanoL The 
extinction at 262*5 m^ waa determined with a Beckman 
spectrophotometer. Similar determinations were made for 
formononetin (7-hydrozy-4'-methozy.u0fl&vone) by using 
the extinction at 249 m^ The results are given in Table 1. 

The absorption curves of genistein and formononetin in 
pure ethanol are shown in Fig. 1. Over the range 0-1 mg./ 
100 ml. tha optical denaty at 262-5 m^. of genistein solu- 
tions was found to be directly proportional to the coaoen- 
tration. 

With the partition ratio of 1-39 for genistein between 60 % 
ethanol and benxene, t^e theoretical reocvery of genistein in 
the purification procedure is 97-9 %. For formononetin the 
theoretical rroovery is 59-3%. Very little formononetin, 
however, is found in the purified clover extracts. Formo. 
noaetin is relatively insoluble in ethanol (175 mg./lOO mL 
at S**), whereas genistein is readily sohiWe. 

Stpamtion ofphencU. The aqueous ethanol eolation was 
evsporated in txieuo to a volume of 100 ml., saturated with 



Naa and extracted with four 100 ml, portions of ether. The 
combined ether solution was then extracted with six 25 ml. 
gii^ons of 0-1 N-NaOH. CO. was passed into the combined 
NaOH extracts until they were ssturated. and the phenols 
were extracted with four 100 ml. portions of ether. The 
combined ether solution was washed with three 20 ml. 
portions of water, and evaporated to dryness to yield the 
phenols. 

Chromaiography. An amount of silica gel 200 times the 
weight of the phenols was trsnsferrcd »ith stirring into a 
water.jacketed column 15 mm. in diameter filled a-ith light 
petroleum (iO-eO'') and the phenols were chromatographcd 
on this column with 50 ml. portions of dry light petroleum- 
ether mixtures as cluting solvents running from pure light 
petroleum to 10. 20. 30... 100% (v/v) ether. Finally 
acetone and then methanol were run to elute the column 
completely. The pressure at the top of the column was 
moreased by nitrogen at 50-150 mm. Hg. From 20 to 30 
fractions were obtained in this way. These fractions were 
weighed and the recoveries from a number of columns 
varied from 100 to 110%. the excess being due presumsbly 
to some material eluted from the silica gel. 

Table 1. Partition of genisUin and formononeiin 
between aqueous ethanol and benzene 

The partition ratio (concentration in aqueous ethanol/ 
concn. in benxene) was determined using 50 ml. volumes of 
the two phases and 0-5 mg. of the substance investigated. 
The concentrations in the extracts were determined by 
spectrophotometry, Genistein, 262-5 m^i. (max.) 

- 1400. Formononetin, E\ ^ 249 m^- (max.) « 1000. 

Aqueous phase 



Substance 
(renistein 
Formononetin 

CI 
14(i0 



12D0 
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ethanol 
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0-975 
0-185 
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ethanol 
(v/v) 

1-39 
0361 



70% 
ethanol 
(v/v) 

2-37 
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Ahaorptton curves of genistein ( ) and formo- 
nonetin ( ) in ethanol solution. 
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Spectrt>photomeinf. The abeorption apectruai, over the 
^ige 220-300 mp., observed for each fraction in 
^tion"in ethftaol. A typicftl eeriee of currea for the 
fractions is abown in Fig. 2. 
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FraciioDs 9-16 had maxima at 262-3 m*i. and were all 
eimilar to the abeorption curre of genistein {Fig. 1). On 
injection in orariectomixcd mice, only the fractions 9-16 
showed oestrogenio activity, whereas fractions 1-8 and 
17-21 were inutive. Recrystalliiation of fractions 0-16 
yielded geniirtein. identified by its m.p. and u.v. absorption. 
Afl a 6nal proof of identity, fraction 10 showed absorption in 
the infrared region, 860 cm.-' to 1200 cm."*, very aimilar to 
that of synthetic genistein, as shown in Fig. 3. with im- 
purities showing absorption at 1030 and 910 cm."*. 

In the crude fractions. howoTer. the abeorption at the 
minimum (23 1 mii.) wa> greater than that for pure genistein, 
whereas the maximum abBOiption (262*5 mpL.) was low. To 
compensate for the impurities, an arbitrary line was calcu- 
lated giving Assumed values for the impurities of 
(231 m^) -430 and IT }^ (262-3 m^.) -320. If in Pig. 4 the 
observed values for the fraction arc « - £ { ^ (23 1 m>i.) and 
/-fi] 5. (262-5 m^.). then 

300z+450»i-e and U00i+320n=/» 
where z is the proportion of geoistein present and n the 
* proportion * of iropuritiea. From these equations : 

,«(0.96/-O-68e)«10-». 
and n«(2-98«-l-O6/)xl0-». 

To test the validity of the assumed values for the ab- 
sorption by impurities, i and n were calculated for a number 
of fractions and the theoretical curve was drawn for the 
calculated mixture. There was close agreement between the 
observed and calculated absorption. 

The similarity between the absorption by impurities in 
the geoistein fractions and the absorption by the non- 
genistein fractions suggested that the same formula may be 
used to estimate genistein from the curves obtained from the 
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Fig. 2. Vltraviolet absorption of a series of chromatograpb 
fractions of Babterranean-olover phenolic material. 
Fraotiona 10, 14 and 10 contain geoistein ; fractions 1, 7 
and 21 do not. 
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Frequency (cm.-^). 
Fig. 3. Infrared absorption curves of (o) synthetic genistein 
and (6) chromatograph fraction from subterranean clover. 
Bands due to impurities in the chromatograph fraction 
art dotted. (Grubb-Parsons S3 A Spectrometer equipped 
with sodium chloride pri!»m. Solid samplea ground with 
paraffin oil.) 
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Fig. 4. Arbitmrj- straight-line absorption a«umed due to 
impurities in chromatogniph fractions. Fmm the valiien 
shown, the proportion of genisltin present in ihe fraction 
is calculated as: z-ro*Bt»/-0'6Se) x lO"'. 
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whole pbeool fracUos Titboat chromatography. A typical 
application of this procedure Is demoiutrated in Fig. 6» 
which shows close agreement between the obacrved and 
calculated curves. 

"nius, by reading the values for ^Jg^^ (231 m/*.) and 
^laa. (262-5 m/1.). the amount of gentatein present in the 
phenols may be calculated. A slide rule was constnicted for 
the porpose of making the calculation. This has been applied 
to a considerable number of extracts and provides a reason- 
ably accurate method of estimation of genistein in cloven. 
Similar correction methods have been applied by Morton ft 
StubbB(l&46}iD vitamin A determinatioDa and by Sveznsson, 
Rimington & Barnes (1»49) in porphyrin determiaUiona. 
(Senistein added to dover was recovered to the eitent of 
96-109% in dz different estimations. 

Micro-method of estimaUon ofgenistein in clover 

Sxtraetion and punjieation. Two leaves, of similar age, 
were tahen from each clover plaot. Both were weighed, 
one dried at 100° for the determinatioa of dry matter 
content, and tb« other placed in a S x 4 in. test tube and 
icfiuxed with a cold thimble for 10 min. with I ml. ethanol. 
The ethanol solution was decanted into a second tube 
graduated at 0-6 and 1-0 ml. The leaf residue was reflazed 
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Pig. 5. Observed absorption curve ( ) of phenob from 

subterranean clover (no. P4) and calculated curve (. • 
For explanation see text 



with a further 0*5 ml. ethanol for 5 min. and tiie extract 
decanted into the grsduated tube. The combined extracts 
were evaporated by using a stream of air or nitrogen directed 
into the tube, keeping the tube warmed to about 70' in 
a glycerol hath, tintil the volume was reduced to 0-6 ml. 
Water was added to bring the volume to 1-0 ml. and 0-5 mL 
benxcae was added. The tube was rotated at an angle of 43* 
from vertical in a mechanical rotator at about X40 rvv. min.-* 
for 10 min. This procedure avoided the formation of emul- 
Bons and gave an efficient extraction, the benzene layer 
being dark green in colour whereas the aqueous alcohol 
layer was almost colourless. 

With the use of a pipette inserted to the bottom of the 
tube. 0-5 ml. of the aqueous phase, free of the benzene phase, 
was drawn up and a volume equivalent to 2-5 mg. of fresh 
clover placed in a small tube and evaporated to dryness by 
the technique described above. 

Paper chromatography. Following the method of Bate- 
Smith ft WesUll (1950), the extract was dissolved in a 
minimum of hutanol containing 1% HCl (w/vj and trans- 
ferred with a micro-pipette to a paper strip (Whatman 
no. 4) 5 mm. wide, care being taken to keep the length of the 
applied spot within a 5 mm. limit. Control strips were 
spotted similarly with 2-5 and 6K)^g. genistem. 

The strips were placed in an atmosphere saturated with 
the vapour of the aqueous phase of a butanol -acetic acid- 
water mixture (40 : 1 0 : 50, v/v) for 24 hr. The sol vent m ixture. 
butanol-^tic add-water (40:10:20. v/v), was then 
introduced for ascending chromatography. After the 
solvent front hod moved approx. 30 cm. (18 hr.) the strips 
were dried in a current of air in the fume hood and spraved 
with aqueous 0-1% (w/v) FeO, soluUon. freshlv pr*pa*rtd 
from a 10%slock solution. The pink genistein spot (/f, = 0-JO 
waa compared with the control strips. 

Throughout a series of several hundred separations it was 
foond impossible to estimate geaistein content by measuring 
spot length. Also, the separation of genistein from the 
pigments present was not always complete, so that only a 
visual approximation of genistein content, by comparing the 
extract chromatograms with the controls, was possible. 

RESULTS 

The results of a series of determinations on different 
clowre by using silica gel chromatography and 
ultraviolet absorption measurements are given in 
Table 2. ^ 



Table 2. The genistein eonieni ofeeverai clovers 
30 g. fiesh dover were used ud the remits ace calculated on the basis of 100 g. dry matter* 

Ethanol extract 



Benzene 



60% ethanol phase 



No. 

1 

2 
3 
4 
5 
6 
7 
8 



PcBoriptton 
T. sv&temmetim var. Dmlganup 
T. wftterrortettm var. Bummmg 
T. nibemuieum var. Red Leqf 
7*. «uUemin«vffl var. TaHonoh 
T. repent 
T,fngifemm 
T. praitnte 
Mdilotu* aUa 



(go 

10- 3 

11- 3 

8- 2 
7-7 
7-9 

9- 4 
15-5 
•9-S 



Neutr«b 


Acids 


I^enols 


Residue 


Genistein 


(go 


(go 


(go 


(gO 


(g.) 


0-5 


0-4 


1-6 


76-4 


0-740 


0-5 


04 


M 


86-6 


0-400 


0-5 


0-2 


0-9 


76-4 


0-55(1 


(M 


0-5 


12 


85-7 


0-565 


0-2 


0-1 


0-2 


75-8 


KU 


0-6 


0-5 


02 


73-4 


Nil 


0-5 


0-1 


0^ 


76-6 


Nil 


0-4 


0-3 


fr2 


71-2 


Nil 
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The four subterranean clovers contained lar^e 
founts of genistein, whereaa the others contained 
no trsco of genistein. With tho micro-method these 
studies have been extended to a large number of 
cloveiB and the results will be given in a further 
communication. The genistein content of m^y 
sarnples of the Dwolganup strain has now been 
determined and these results will be available for 
publication shortly. The figure for DuxUganup in 
Table 2 is a good representative one. 

DISCUSSION 

The preparation of the 'chtoroplast* fraction of 
clover, although of use in providing a concentrate in 
readily stored form, is effective in retaining only 
about 3 % of the active compound. Quantitative 
estimations of the intake of genistein by sheep, 
based on the amount present in this fraction, have 
been most misleading. 

The isolation of substantial amounts of genistein 
from fresh subterranean clover, however, makes it 
likely that this woflavone is responsible for the 
breeding problem in sheep maintained on pastures 
dominated by this plant species. A sheep eating 
1 kg. of dry matter per day would have an intake 
of about 7 g. genistein daily. Genistein, on or^ 
administration in mice has a median effective dose 
(M.E.D.) of 8-2 mg. (Biggera & Cumow, 1954) so the 
sheep receives about 850 mouse h.e.d.*8 of genistein 
daily. With injected atilboestrol complete infertility 
ia produced in ewes receiving 0* 1 mg. or approx. • 
4000 mouse h.e.d.'8 per day for 6 months (Under- 
wood, Shier & Peterson, 1953). It is not unlikely 
that a degree of infertility eqiiivalent to that often 
induced by clover grazing (20-60 %) would result 
from the injection of 0-02 mg. (approx. 800 mouse 
M.E.D.'s) of stilboestrol daily, especially if the 
treatment were carried on for more than one season* 
as occurs with clover ingestion. Although it is 
dangerous to make assumptions regarding the 
activity of genistein in the sheep from the behaviour 
in mice, it is reasonable to suppose that a somewhat 
similar response to that with stilboestrol will be 
given by the daily 850 mouse h.e.d.'s of genistein. 
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It is possible also that genistein is transformed in the 
rumen of the sheep to a more active oestrogen. 
There is evidence (Beck & Cumow, unpublished 
data) that treatment of clover 'chloroplast* with 
alkalis yields a small amount of a second oestrogen 
with at least ten times the activity of genistein. 

SU5IMARY 

1. From the 'chloroplast* fraction of subter- 
ranean clover {Dwolganup strain) 12 mg. genistein 
per 100 g. dry matter of clover was isolated. 

2. From fresh clover 369 mg. genistein per 100 g. 
dry matter was isolated. 

3. A method of estimation of genistein in plant 
material and a micro-method of detection of geni- 
stein in email amounts of plant ntaterial have been 
developed. 

4. Four subterranean clovers studied contain 
genistein, whereas four other species contained no 
genistein. 

5. The Dtadganup strain of subterranean clover 
contained 740 mg./lOOg. dr>' matter, sufficient to 
accoimt for the oestrogenic activity of the plant and 

- therefore probably responsible for the infertility in 
sheep grazing on subterranean clover pastures. 

I wish to thank the Western Australian Investigstional 
Committee, Professor B. C. Dodda, Dr C. P. Rhoads and the 
Ute Pr K. Dobriner for generous assistance in m&ny ways, 
also Dr A. R. H. Cole for the infrared spectrometry, Dr 
Lawrence for the use of the ultraviolet spectrophotometer 
and Mr K. Gillieatt for able technical assistance. 
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ABSTOACr 

Based od the epidemiologicsl eridence for a rehtkoship between 
coasuinptiGD of cenab foods and decreased cancer isctdeoce m faumass, 
an assay was developed to screoi and fractionate phmi extracts for 
cbefflOpre\-eadve poteatiaL This assay measures effects on the metabo- 
Usm of pH]benzo(o)pjTeDe [B(a)P} in hamster emhiyo ceQ cnhores. 
Saeening of severa] plant extracts has generated a number of Bctivit>' 
leads. The 95% ethyl alcohol extract of one of these actives, TrifoUam 
prauase l~ Legommosae, red dorer, signilkantly inhibited the meiabo- 
lism of B(a)P and decreased the level of binding of B(a)P to DNA by 30 
to 40%. Udng activity-directed fractionation by solvent partitioQlng and 
then silica gel chromatography, a mai&t active compound was isolated 
and identified as the isoflavone, biochanin A. The pore componnd 6t- 
creased the metabolism of B(a)P by 54% in comparison to control coltores 
and decreased B(a)P-DNA binding by 37 to 50% at a dose of 25 ^mL 
These studies d^nonstrate that the hydrocarbon metabolism assay can 
detect and gdde the fractionatioD of potemia] anticardnogens from 
plants. The ability of the isofbvone biochanin A to inhibit cardncgen 
activation in ceQs in cnhure suggests that in viro studies of this compound 
05 a potentifl] chemopre^entiye agent are wanantsd. 



INTRODUCTION 

Humans are exposed to numerous carcinogens and mutagens 
daily, some avoidable (such as cigarette smoking) and some 
\inuaUy unavoidable (diet, environmental pollution, oxygen 
radicals). The diet has been shown to have a profound effect on 
the incidence and location of vanous human cancers worldwide 
(1, 2), and epidemiological studies suggest that certain dietary 
components may help to prevent cancer induction. This pro- 
phylaxis has been termed cancer chemoprevention. Wattenberg 
(3) has demonstrated that such agents may inhibit cancer in- 
duction by a number of mechanisms. One of the more common 
mechanisms is through inducing alterations in the enzymatic 
activation or detoxification of carcinogens. 

Although many biological assay's have been used to examine 
the chemopreventive potential of various chemicals, there have 
been relatively few smdies using activity-directed fractionation 
to isolate active compounds fr^om plants. In addition, it is 
impractical to use in vivo models to guide these procedures. 
Loub et al. (4) used an activity-directed fr^tionation procedure 
based upon induction of aryl hydrocarbon hydroxylase activity 
in the Ih'er and intestinal mucosa of Sprague-Dawley rats to 
isolate and identi^' severa] indoles from cruciferous vegetables. 
Kaweol and caffestol palmitates were isolated from green coffee 
beans (5) based upon an assay that measured the increase in 
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glutathione S-transferase activity in liver and intestinal mucosa 
of mice. Practical assays for activity-directed fractionation of 
active plants must be rapid, sensitive, convenient, and capable 
of detecting alterations in carcinogen metabolism. In this paper, 
we describe tbe development and application of an assay that 
measures effects on the metabolism of [^H]benzo(a)pyrene, a 
widespread environmental carcinogen, in early passage cultures 
of Syrian hamster embryo cells (6). The chemical and analytical 
procedures developed for activity-directed fractionation of an- 
tineoplastic compounds from plants (7, 8) were adapted to the 
isolation and identiGcadon of potential anticarcinogens from 
food and food plants, such as red clover extracts, which signif- 
icantly inhibited the metabolism of benzo(a)pyrene and binding 
of B(a)P^ metabolites to DNA. 

MATEWALS AND METHODS 

Spectroscopy and Chromatogiaphy. *H NMR in denteriochlorofonn 
was pcrfonned using a Varian XL-200, and *'C NMR in deuterio- 
chlorofonn was measured on a Chemagnctics A-200 spectrometer. EI 
and CI mass spectra were obtained on a Fumigan 4023 qnadnipote 
mass speciFometer. Hzgb-fesoluiion mzss spectra were recorded on a 
Kraios MS 50. The IR spectrum was performed on a Beckman IR-33 
nsing n KBr pellet UV spectra were mecsured on a Beckman DU-7 in 
methyl alcohol using sodium methoxide, AlCly^ HQ, and sodium 
acetate as UV shift reagents. 

For Hash column chromatography EM 9385 SiUca Gel 60 was used 
for the adsorbent Radial chromatograpby was performed on a Chro- 
maiotron Model 7924 using a 2-, or 4-mm rotor with EM 7749 
SiUca Gel 60 PF 254 as adsoibcnt TLC plates were Merck 5714 Silica 
Gel 60 Fa*. 

Cell Coltnre Toxicity Assay. Hamster embryo cell cultiares were 
prepared and grown as described previously (6). Tertiary cultures were 
plated in 60-mm plastic dishes (Falcon) (5 x 10* cells), and 24 h later 
the test compound was added ai 10-foId dilutions from 500 ;i£/ml of 
medium to 0.05 pg/ml for 24 h. Ai that time the cultures which were 
approximately 70% confluent were examined microscopically and 5td>- 
jecnv-cly c^-aluated for the percentage of the cells dix-iding and the ceD 
density. The highest noninhlbitory dose was selected for met^Usm 
smdies. 

B(a)P Metabolism Assay. Tertiary' hamster embryo cell coltures (10^ 
cells per 25-aD^ flask, 3 flasks per group) were plated m 3 ml of medium 
containing \0% calf senmi and refed «ith 8 tnl of fresb medium after 
48 h. Se\'enty-two h after plating, the cultures were treated with the 
test oomponnd m DMSO or DMSO as a control, and 30 min later 
B(a)P (1 ME/nil; specific radioactiviiy, 0.25 G/mmol) was added. 
Twenty-four b later medium was removed and stored at -20*C. Ali- 
quots (0.2 ml) were extracted by a rwo-stage chloroform.*meihaDol:water 
procedure (6, 9). The assay uses initial mixing with a vonex mixer in a 
single-phase S}'stem of chloroformimcthanolrwaxer (including the me- 
dium) (l^''0.8) to ensure complete extraction of the Izpophiitc hydro- 
carbon end its metabolites followed by addidon of 1 ml of chloroform 

* Tbe abteeviations used are: B(a)P, ben2»(a)p>rac; HPLC, tufib-perfonnaDCe 
Hqnid dtromsujsraphy; TLC, thhi-li^ cfanisi a i D gapiiy; NMR, Dodear nrtg- 
oedc resonance; MS, mass ^Kctnzsi; BHA, butylated faydroxraoisols; DMSO, 
dimethyt sulfoxide; B<a)PD£, 7,8-dihydroxy-94atpQxy-7.a,9,l0-iftrah3idro- 
benzD(d)p]rTen£; dGuo, d£OX}*giisnosine. 
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and J ml of water aod mixing with q vonex mixer. After centrifugaiioD 
for 10 min, the aqueous phase u-as removed aod extracted with 2.0 ml 
of chloroform to ensure complete extraction. The chloroform extTECis 
were then pooled, and the radioacthity in the or^c and aqueous- 
metbanol phases w£s measured by liquid scintillaiioD couating of 0 |. 
mJ aliquots. Thh extraction procedure results in reco^^ of unmeta- 
bolized B(a)P and Phase I mctaboKtES (dihydrodioJs, quinones, and 
phenols) m the chloroform phase. The water-soluble metabolites in- 
cluding giucuronides and glutathione conjugates and multiple oxidation 
products are retained in the aqueoos-methanol phase. Since the large 
majority of the mctaboUtes formed from B(8)P in hamster emhrj'o ceDs 
are water sohible (usually greater than $0%) (6), this assay proWdes a 
rapid measure of B<a)P metabolism. 

BRA, a known inhibitor of carcinogenesis and B(a)P metabolism 
(10), was used to treat a positi^-e control groop in all assays at a 
wncenTration of 50 pg/mJ of medium. The highest nontoxic dose of 
BHA was selected from multipie experiments using different hamster 
embo'o cell preparations. Doses of 75. 65, 50, and 5 ;ig/ml of medium 
were tested, and the results show that 75 ;tg/mJ were toxic and 65 fo/ 
mJ exhibited borderline toxicity, while 50 ^g/ml showed a significant 
mhibidon of my metabolism with no ceD toxidtv. The Iou«t dose. 
5 iig/mU produced no significant inhibition of B(a)P metabolism. Using 
BHA as a positive control gave us an indication of the health and 
vmb^ity of the cells in the cnlhare assay for that particukr expeiiraeni 
and helped chminate false negatives. 

Analysis of B(a)P MetaboKtes. The B(a}P metabolites in the oiganic 
phase weit analyzed by HPLC on an Ultrasphere Q, cohmm (25 cm 
X 4.6 mm) eluted with a methanol:t?ater gradient as described previ- 
ously (6). UV absorbing standards of authentic B(a)P metabolitES 
(Chemical Repository, Division of Cancer EtioJogj-, National Omca 
Instmite) were indnded in each HPLC analysis. The radioactivity was 
momtored with a ¥]oont 0 flow monitor set to update eveiy 30 s. 

Bmdiiig of B(a)P to D.NA. Tertiary hamster embryo cell cuhurw (5 
X 1 0' cells) were plated in 1 75<m^ flasks containing 50 mJ of minimal 
esscnti^ medium with 10% fetal bovine serum. After 2 days the cultures 
were refed with fresh medium and 24 h later with the test compound, 
or extract in DMSO was added. Five to 10 min later the cultures were 
treated Hith I'HJB(a)P CJ pg/ml of medmm. 0.5 mQ/ibsk), After 24 h 
of mcubnion at 3rC the celb were harvested, and DNA was isolated 
as described previously (1 1). The radioactivity in an aliquot was mea^ 
ured by Uquid scintiUation counting, the amount of DNA was deter- 
mmed by A^a, and these values were used to calculate the level of Bfa)P 
meiabohies bound to DNA. 

K^^s^^^^ degradation of the DNA to deoxyTibonudeosides, 
the B(a)P:deoxyribonucleoside adduos were isolated by chromatogra- 
phy on &^akC„ cartridges and analyzed by HPLC on a 25^mj x 
4 6-mm UlttaspherB C» reversed-phase column (11). The column was 
chited at a How rate of 1 .0 ml/min with methanol-water (46:54) for 34 
min, a linear gradient for 10 min (46:54 to 55:45) and at 55:45 for 24 
mm. Fifteen J.O-ml fractions followed b>' 165 fractions (0.3 ml) were 
analyzed by scintillation counting. 

Plant Extracricra- Leaves, stems, and llow-ers of 7>j/c?£i^ 
(red dover) were collected. A voucher specimen is on deposit m the 
biolo£ heibanum of the Department of Biology, Purdue University 
The fresh plant (918 g) was ground with 2 Uteis of 9S% etbyl alcohol 
m a commercial size Waring blender for 5 min. The blended material 
was then allowed to stand for 30 min to complete the extraciioa The 
materia! was then filtered through a Buchner funnd. and the iihratc 
was concentratad in vacuo to give 46.5 g of the 95% ethji alcohol 

TTie 93.t ethyl alcohol extract was fomid to be acti^^ and therefore was 
then further partitioned according to the scheme shown in Fia. 1 The 
testmg data are shown in Table 1. AD fractions were tested at the dose- 
response dose whidi was defined as the percentage of the 95% ethanol- 
OTacteMe material thai the fraction represented times the dose of 95% 
^dii^**° °^ ™ metabolism assay On this case. 750 Mg/ml 

isolation and Identification of Active Cbmponeats. Aliquots from tiie 
solvem partition were submitted for testing. The active CHQ, fraction 
was subjected lo silica gd flash column chromatography with hexane. 



CHQ,. ethyl acetate, acetone, acetone: methyl alcohol fi ll flnH+}T,*nv. 

and submitted for testmg. The cohiinn fraction which w^ activ-e at the 
d^rcsponse d^ (Fraction ID) (see Kg. 1) was further duomam! 
graphed by centrifugal ahca gd TLC (Chromatoiron) using a OiO^ 
met^l doohoUoKent gEdieni starting with 2% metiiyl alcoholic 
CHQ,. The fractions which were collected were combined accoixiinfl 
to the presence of similar spots when analyzed by silica gd Tir 
dev eloped in 2% methyl alcohol in CHa^. Based upon this, tiie samples 
were combined into seven fractions whidi were tested for their effects 
on B(a)P metabolism. The most active fraction (2D) was further scpa- 
rat^ on another silica gel Chromntotron plate developed in a CHOJ 
methyl alcohol gradient Based upon TlC profiles duants were com- 
bmed imo three fractions. The most saivt fraction (3B) contained a 
major component RecrystalUzation of tins fraction from aqueous 
iDcthyl alcohol gave a ojstalline tnaterial, ntp. 217-2I8'C A sample 
of bochanin A was purdmsed from Aldridi Cbemkal Co., 

^r^^ "^P* °° depression, nie UVaad 'Ji 

SvS . Uterature vahies (U), and the MS and "C 

NMR data were consistent with the published structure 

Examination of the interface fraction, which was activ e ai 2x the 
dosc^response dose, led to the isolation of additional biochanin A. alone 
WT^ analogue, formononetin (see Fig. 3). Fonnononetin w^ imHrti.; 
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RESULTS 

T^e results of bioasssa>>-directed fractionation of the active 
ethyl alcohol extract of red clover are presented in Fig. 1 and 
Table 1 . Tlie ethyl alcohol extract was active ai doses from 500 
Mg/ml to 1000 /ig/tnl; however, toxicity was detected at the 
highest dose (see Table 1). Fnriher panhioning of the active 
e Jiyl alcohol extract was dose responded from 750 Mg/ml. .After 
partitioiiing between chloroform and water, the activity ap- 
m the chloroform extract. Examination of the interface 
which was active at twice the dose-response dose confinned the 
presence of biochanin A. Chromatography of die chloroform 
fractioD gave active cohimn Fraction ID. This fraction was 
earned through two separations on the Chromatotron to give 
m turn ^ve Fractions 2D an 3B. Crystallization of Fraction 
; A ^^"^^ constituent, biochanin A. Fractions 

lA, IB 2B, and 2F show activiiy at twice the dose-response 
dose and are under further investigation. The B(a)P metaboHtes 
present m the organic phase of the sample treated with red 
clover ex&aa at 500 ^ig/ml were analyzed by HPLC, and the 
amoun t of die major primary B(a)P metaboUtes was determined 
(i-ig. 2}. The two nm'or changes were a slight increase in the 
amount of 9-hydroxy-B(a)P and a iajor decrease m the amount 
of water-soluble metaboUtes in the extract-treated group. After 
^ucuromdase treatment of the aqueous phase, the amount of 
9^ydn)xy- and 3-hydroxy.B(a)P in the red clover extract- 
treated ^oup was reduced by 30% and 22%, respecti^'ely. when 
compared to DMSO controls. The water-soluble metabohtes 
were also decreased by 18% in the red clover extract-treated 
Kils. Thus the major effect of red clover extraa was to mhibit 
the formation of B(a)P-phenol giucuronides. 

The effert of the crude 95% ethyl alcohol extiact on the 
bmdmg of B(a)P to DNA H-as also exammed (Table 2) At a 
?^ ^^^^ B(a)P-DNA binding bv 

30/0 to 41% comparred to controls in three separate exoeri^ 
of the B{a)P-DNA addncts present in en2>^ 
by HPLC demonstrated thai the ortrecl 
^! fonnarion of both the syn- and and-isomm of 
B(a)PDE. The^V7i.B(a)PDE^Guoadducts decrease 
to 64 compared to controls, and the (+>^ti.B(a)PDMGuo 
adduct decreased from 48% to 75%. 
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Thc effea of biochanin A on die binding of B(a)P to DNA 
in hamster emfaot) ceU cultures was also e-xamined. Biochanin 
A caused a 54% decrease in B(a)P metabolism at 25 nz/ml. 
After exposure of cultures to 25 mS of biochanin A and 1 fi% of 
pH]B{a)P per ml of medium for 24 h, biochanin A treatment 
reduced the amount of B{a)P bound per mg of DNA from 74 J 
pmol in the control group to 35.1 pmol in the biochanin A 
group in one experiment and from 72.2 to 45.4 in a second 
experiment Thus, biochanin A inhibited the binding of B(a)P 
to DNA to an extent similar to that obtained in the crude 
extract CTable 2). 

DISCUSSION AND CONCXUSIONS 

There are several bioassays which are imder investigation for 
the detection of compounds suspected of having potential can- 
cer chemopreventive activit>\ Anttmutagenic activity in the 
form of an anti-Ames assay has been commonly used in the 
United States and Japan (13, 14). Mitscher etal{\S) used this 
bioassay to isolate and identify glahrene, a known isoHavene 
exhibitiDg antimutagetiic activity. Nishino etaL (16) used the 
antitumor-promoting activity of glyc>Trhetic add against 7,12- 
dimcthylben2(a)anthracene and teleocidin as a model of cancer 
prevention. The decrease in formation of carcinogenic A'-ni- 
troso compounds produced by a-tocopherol and ascorbic add 



was used as a criterion for chemoprevention by Narkus et al 
(17) and Mervish (18). Sakiyama et al (19) used the inhibition 
of transformation of the mouse lOPA cell line induced by X- 
ray or A^-methyl-iV'-nitro-AHjitrosoguanidine as a model to 
show the andcarcinogenic effects of lipopolysacchahdes and 
indomethacin. The induction of aiyl hydrocazbon hydroxylase 
activity in liver and intestinal muctjsa of Sprague-Dawley rats 
was uid by Wattenberg et at (3) to isolate and identify a group 
of indoles from cruciferous vegetables (20, 21). Another screen 
by Wattenberg et al, (5) used the induction of glutathione 5- 
tnmsfcrase activity, a major detoxification enzyme s>'stem, for 
a number of electrophiles, including many cardnogens, in 
mouse liver and intestinal mucosa to isolate a group of known 
diterpenes from green coffee beans. 

The saeening procedure described in this paper measures 
effects on the ability of hamster embryo cell cultures to metab- 
olize the carcinogen B(a)P. induction of inhibition of B(a)P 
metabolism of treated cultures by >20% as compared with 
control cultures was considered to be an active test The altered 
pattern of metabolism was determined by HPLC analysis of 
the B(a)P metabolites formed, asd the effects on binding of 
B(a)P to DNA are determined. Confrrmed active extracts are 
then fractionated using the bioassay as a guide. Advantages of 
our method are that activity data can be generated within a few 
days after the extract or compound is tested, and a large number 
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a pure active compound, biochasin A, was isolated which 
produced aa inhibitioD of B(a)P metaboiism of 30 to 50% at 
9.5 to 23.6 fig/ml compared to DNfSO controls. Exposure of 
hamster embryo cell cultures to biocbanio A at a dose of 25 
^g/ml of medium resulted in a 37 to 50% mhibitioa in the 
binding of B(a)P to DNA. This compound appears to be one of 
the major components responsible for the inhibition of fi(a)P- 
DNA interactions by the red clover extract. The strong corre- 
lation between the binding of aromatic hydrocarbons to DNA 
and their carcinogenic activity suggests that biochanin A is a 
good candidate for further testing to measure inhibition of 
tumor induction by hydrocarbons in animals. 

Several flavonoids have been shown to possess anticarcino- 
genic activity (3). 7,8-Benzoflavone, a synthetic flavonoid, is an 
inhibitor of microsomal mixed-function oxidases and inhibits 
the metabolism, binding to DNA, and tumorigenesis of 7,12- 
dimethylbenz(a)anthracene in mouse skin (22). This same fla- 
vonoid also inhibits the metabolism of £Ka)P in rat hepatic 
microsomes that have been induced with 3-methylcholanthrene 
(23). Huang et aJ. (24) examined 28 flavonoids for their effect 
on mutagenicity of anti-B(a)PD£ in Salmonella and found that 
8 had significant antimutageoic activity. Interestingly one of 
the flavonoids found to be inactive (50% inhibitory dose > 100) 
was genisteln, an iscflavone related to biochanin A (see Fig. 3) 
and a nunor constituent of red clover (25, 26). Since the 
compound tested [B(a)PD£] was an ultimate mutagenic metab- 
olites of B(a)F, ihst assay would not be expected to detect 
compounds that alter metabolic activation of B(a)P. Thus. 
\'arious types of short-term assays may be anticipated to detect 
anticarcinogens that work by different mechanisms. In view of 
the requirement of the majorit>' of classes of chemical carcin> 
gens for metabolic activation and the ability of the metabolism 
assay to measure changes in enzymes both involved in activation 
as well as detoxification, the hamster cell assay should be 
capable of detecting modifiers of carcinogen metabolism that 
act by a number of mechanisms. The results demonstrate that 
the effects of test compounds on B(a)P metabolism and DNA 
binding in hamster embryo cell cultures can be used to screen 
and isolate pure compounds with potential anticardnogenic 
activity from plants and other natural products. 
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This review is concerned with the presence of naturally occurring oestrogens in food plants 
and processed foods. Particular emphasis is placed on isoflavones and coumestans. both of 
which arc true plant oestrogens, and ihe resorcylic acid tactones, more correctly classified as 
fungal oestrogens. The metabolism and mode of action of these compounds is discussed and 
their biological potencies, determined in both in vivo and in vitro studies, described. Current 
methods of analysis are indicated and the levels of these oestrogens in food plants, processed 
foods and feedingstuffs are presented. Botanical, environmental or technological factors 
affecting the possible intake of plant and fungal oestrogens are mentioned and the hazard 
associated ^nth such intake is compared with that originating from other dietary or medicinal 
hormonally active substances. Indications arc given of the wide range of common food plants 
which have been reported lo possess oestrogenic (uterotropic) activity, although it is 
emphasized that in general further work is necessary to substantiate these claims and to 
confirm the identities of the biologically active principles which have in some cases been 
proposed. In the concluding section suggestions are made for addiUonal research considered 
important or necessary in this interesting area. 



ij^oduction 

9 The presence in plants of oestrogens, compounds which induce oestrus in 
immature animals or interfere with normal reproductive processes, has been known for 
over half a century. However, the use of plants and plant extracts to control fertility in 
animals and humans has been recognized since earliest times. In the Orient, for 
example, the pomegranate has traditional associations with fertility which stretch back 
over 2000 years. Although many of the plant oestrogens have now been separated, 
purified and characterized, only occasionally have they been found to be identical with 
those of animal origin, ©estrone (I) and H^-oestradiol (II) (Hewin et al 1980) (see 
figure I). 

In 19S4, Bradbury and White listed 53 plants which possessed the capacity to 
initiate oestrus in animals, but progress in this area was such that only two decades later 
Farnsworth et al. (1975) were able to describe over 300 such plants. In many cases the 
exact nature of the active principles has not been established but, of the identified 
com(>ounds, isoflavones and coumestans are the most common. In all, these authors 
listed 29 plant oestrogens, many of which possessed structural similarity to synthetic 
diethylstilboestrol (III) (figure 1). Less than half the compounds listed have been 
reported in plants which are regularly consumed by animals or man. Such plants are 
listed in table 1 and it may be noted that certain of these, for example legumes and 
fodder crops, may be consumed in relatively large amounts. Indeed, problems of 
infertility in livestock (especially sheep) resulting from the grazing of oestrogen-rich 
pasture or fodders are a serious economic problem in many pans of the world (Hanson 
ei al 1965, BickofT 1968, Shun 1976) and have provided the stimulus for much of the 
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Figure 1. Structures of animal and synthetic oestrogens. 



Table 1. Oestrogenic principles of edible plants. 



Plant 



Common name Pan 



Active principle 



Avena saiivum 
Cicer arieiinum 
Daucus carota var. sativa 



Foenia^lum vulgare 
Glycyrrhlza glabrata 
Hordeum vulgare 
Humulus tupulus 



Mahti sylvesiris 
Medicago }^spida 
Medieago lUteralls 
Medicago sativa 
Oryza sativa 

Phaseotus vulgaris 
Phoenix daetylifera 
Pimpinella anlsum 
Poapratensis 
Prunus avium 
Punica granatum 
Secale eereale 
Sesamum indicum 
Soja max 

Sorghum vulgare 
Triticum vulgare 
Tr(folium spp. 

yigna sinensis 
Zea mays 



oats 

chick pea 
Bengal gram 
carrot 



fennel 
liquorice 
barley 
hops 



apple 

toothed medic 
barrel medic 
alfalfa 
rice 

French bean 
date palm 
anise 
bluegrass 
cherry 

pomegranate 
rye 

sesame 
soya 

sorghum 

wheat 

clovers 

cowpea 
com 

hay 



seed, meal, 
sprouts 
seed, seedling 



oil 

root 

embryo 



fruit 



seed, embryo 

seedling 

seed 

oil 

fruit 
seed 

meal 
seed 
sprouts 

fiour, seed, germ oil 

leaves 

stems 



zearalenone' 
zearalenol" 
isoilavones 
isoflavones 

3- meihyl-6-meih0Ky-8 
■hydroxy,3.4-dthydro 
isocoumarin* 

aneiholc* 

oestriol, ^>sitostcrol* 

zearalenone' 

colupulon*- 

lupulon* 

adiupulon* 

ocsirone 

isoAavones 

coumestrol 

4- methoxycoumcsirol 
xearaJenone* 

ocstrone, oestradiol 
oestradiol 
oesuonc 
aneiholc* 
isoflavones 
prunctin 
oestrone 
zearalenone* 
zearalenone' 
isoflavones 
coumestrol 
zcaraienonc" 
zearalenone* 
coumestrol 
isoflavones 
coumestrol 
zearalenone' 
zearalenol' 
zearalenone" 



' It should be emphasized that zearalenone and zearalenol are not produced by the plant per se but 
may occur on the plant as a result of synthesis by Fusaria. 
* Tentative. 
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work which has been conducted on plant oestrogens. However, with the exception of 
those topics of relevance to the presence and effects of plant oestrogens in the human 
diet, e.g. studies on the analysis and metabolism of oestrogens and of their possible 
carry-over into the human body via the ingestion of animal products, the role of such 
compounds in fodders and other animal feedingstuffs will not be considered here. 

Additional interest in naturally occurring oestrogens has resulted from the disquiet 
scientists, consumers and legislators over the presence in meat and meat products of 
mpounds, such as diethylstilboestrol, designed to improve animal growth and 
performance (Umberger 1975, McMartin ei ai 1978). Although the biological activities 
of such compounds, expressed on a unit weight basis, are very much greater than those 
of plant oestrogens (see below), under normally regulated conditions their intake into 
the human body will be very much less. Since any health risk due to dietary factors is a 
consequence of both biological potency and exposure, there has in recent years been 
considerable study of plant oestrogens, their metabolism, modes of action and 
potencies. Such studies have revealed the considerable extent to which genetic, botanical 
and environmental factors determine the contents of these compounds and also how the 
processing of the raw plant prior to its consumption can exert similar effects. These 
studies have, in no small part, benefitted from the development of improved methods of 
chemical analysis, possessing greatly improved sensitivity and specificity. This paper 
reviews the more recent advances in these areas and identifies others awaiting additional 
investigation. 

The major plant oestrogens 

In this review, for convenience, the term * plant oestrogen' will be used to describe 
all of the compounds considered in this section, although the resorcylic acid lactones 
have been referred to elsewhere as fungal oestrogens. 

• The biological effects of plant oestrogens (in the form of the purified compounds 
r as fresh plants, extracts or processed material) are generally demonstrated by 
measuring the uterine enlargement of immature female mice or the degree of 
comificaiion of the vaginal epithelium. Whereas the former is the more sensitive it lacks 
ihe specificity of the latter (Stob 1983); both assays are, however, subject to criticism 
and misleading results are possible (Emmens 1969). 

Examination of table 1 reveals that compounds responsible for the oestrogenic 
activity mainly fall into three groups, according to their chemical structure. These are 
(fl) isoflavones, which in many cases are present in the bound, glycosidic form; 
{b) coumestans; and (c) resorcylic acid lactones. A distinction can readily be made 
between the first two groups and the latter; isoflavones and coumestans are intrinsic 
plant components, although their levels are dependent upon many factors, including 
those associated with growth and genetic background. In addition, their levels may also 
be increased as a direct response to microbial or insect damage. In contrast, the 
resorcylic acid lactones are products not of the plant per se, but of Fusarium moulds 
which are common in the field and flourish in the warm, moist conditions of badly 
stored grains and other produce. Although other individual compounds possessing 
oestrogenic activity do occur in food plants, and are considered in the penultimate 
section of this paper, the major part is concerned with the above groups which are 
considered separately below. 

Isoflavones and isoflavone glucosides 

The naturally occurring isoflavones which have been shown to possess oestrogenic 
activity are (figure 2): daidzein (IV) and genistein (V), their glucosides. daidzin (VI) and 
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Figure 2. Strjmures of naturally occurring isoflavones. 



genistin (VII), and their 4'-methyl ethers, formononetin (VIII) and biochanin A (IX), 
respectively; two other active isoflavones, praiensein (X) and pruneiin (XI) are of rather 
limited occurrence. It is possible that other derivatives may also possess uterotropic 
activity; for example, Japanese workers have isolated the 6'-0-aceiyl derivatives of both 
daidzin and genistin (XII and XIII, respecdvely) from soyabeans, but they do not 
appear to have been assayed for their oestrogenic effects (Ohia ei ai 1979, 1980). It is, 
however, likely that ihey arc metabolized in vivo by ruminants and other animals to 
daidzin and genistiij or their aglycones. Most of the above isoflavones occur in the intact 
plan; in the bound form, as glucosides, but are readily degraded to the aglycone 
chemically or enzymically during processing, isolation and analysis. Bound isoflavones 
in clover and related pastures are readily hydrolysed by endogenous glycosidases when 
the intact plant is crushed (Beck 1964) and such hydrolysis can also occur in animals, 
and presumably man, in the absence of the plant enzyme. A large number of isoflavones 
have been isolated from plant species, but only a small number have been shown to 
possess oestrogenic activity. Moreover, not all isoflavones isolated from plants known 
to affect oestrus are active; for example, whilst soyabeans possess daidzein, genistein 
and their glycosides, they may also contain the uteroiropically inactive glycitein (XIV) 
and gIycitein-7^-glucoside (XV) (figure 2) (Naim et ai. 1973). 

The biological potencies of the individual isoflavones vary, but all are much less 
acuve than animal or synthetic oestrogens. Thus, although genistein is the most potent 
isoflavone in terms of its effect on mouse uterus (figure 3), it exhibits only 10"* of the 
activity of diethylstilboestrol. The relative activities of the individual isoflavones vary 
with both the species and strain of animal used and with the route of administration. In 
sheep, biochanin A and genistein were about 20 times less active when introduced 
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Figure 3. Relative uterotropic potency of diethylsiilbocstrol, oesirone, coumcsirol and isoflavonc 
oestrogens (after Stob 1983). 



iniraruminally as compared lo intramuscular injection, whereas the latter route showed 
formononeiin to be inactive (Braden e/ al 1976). Genisiein was found to be the most 
active of the isoflavone aglucones tested by oral administration in the mouse (Bickoff 
ei ai 1962) and together with its glucoside was equally active when administered 
subcutaneously (Cheng ei ai 1955). Differences in responses to other oestrogens 
between strains of mouse have, however, been reported (Fredericks et ai 1981) and 
recently Farmakalidis and Murphy (1984b) have shown the CD-I mouse strain to be 
relatively insensitive to daidzin, genistin and genistein. Comparisons between data 
arrived at using difTerem strains of mouse are, as the authors point out, thus to be 
treated with caution. Moreover, there would seem an obvious need to specify, and 
indeed standardize, the strain of mouse used in the uterotropic assay. Bickoff et ai 
(1962) have demonstrated that dietary isoflavones (daidzcin, genistein) possessing a free 
4'-hydroxyl group were more uterotropically active in the mouse than their 4'-methyl 
ethers (formononetin and biochanin A, respectively). The greater potency of genistein 
compared with daidzein has been attributed to interaction between the OH group and 
the adjacent carbonyl group of the latter (Bradbury and White 1954). The effect of 
pratensein is not included in figure 3, but it has been considered to be lower even than 
formononetin (Wong 1963). 

Isoflavones, like the other main groups of plant oestrogens, exhibit an affimty for 
oestrogen receptor sites (Shutt and Cox 1972, Shutt 1976) and may therefore be 
considered to function as anti-oestrogcns (Martin et ai 1978. Verdeal et ai 1980). 
(Anti-oestrogens are thought to exert their effect by decreasing the concentration of 
cytoplasmic oestrogen receptor and by complexing with the receptor, thus preventmg 
biosynthetic processes associated with tissue development.) The affinilies for the binding 
of genisiein to rat, rabbit and sheep uterine cytosol are 1-3. 0 6 and 0-9 respecuvely 
(relative to l7^-oestradiol= 100). Other isoflavones are even less active: daidzem 
exhibits a relative binding affinity of 0- 1 and 0 09 for sheep and rat uterine cytosol 
respectively; biochanin A has an affinity of 0 07 for rat uterine cytosol; and 
formononetin 0 01 for binding to sheep uterine cytosol (Verdeal and Ryan 1979). The 
isoflavone metaboUtes equol, 0-desmethylangolensin and angolcnsin (see below) had 
relative affinities for sheep uterine cytosol of 0 4, 0 05 and 0 03 respecuvely (Shutt and 
Cox 1972). 
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Based upon the competitive binding to oestrogen receptors in steroid-binding 
globulins from human breast cancer cells Oine MCF-T) the affinities of genistein and 
formononetin. relative to I7/k>estradiol, are 2 and 0-01 respectively (Martin ei ai 
1978). It seems most likely, as Verdeal and Ryan (1979) have suggested, that transport 
and meiabobc effects arc responsible for the apparent discrepancy between the results 
of the above affinity bioassays and those based upon uterotropic activity. The effects of 
pure isoflavones m the mouse, rat and sheep are summarized in table 2. 



Tabic 2. Effecis of pure isoflavones," 



Animal 


Compound 


Dose 


Mouse 


biochanin A 

daidzcin 

fonnononeiin 

genisidn 

genisiein 

genisiein 


10-40 mg/g diet 
5-J 5 mg/g diet 

15-40 mg/g diet 
5-20 mg/g diet 

15 mg/day. diet 

10 mg injected 




III 


5 mg/day, diet 

0-2% diet 

9-72 rag/day. diet 


Rat 


genisiein 
genistein 


0*5% diet 

0-4 mg, injecicd 




genisdn 


0 -5% of diet 


Sheep 


biochanin A 

formononetin 

genesiein 


1 g, injected 
24 g, injected 
1 gi injected 



Effect 



uterine hypertrophy 
uierine hypertrophy 
uterine hypertrophy 
uterine hypertrophy 
infertih'ty, both sexes 
displacement of oestradiol 

from uterine receptors 
uterine hyperuophy 
infenitit>\ females 
testes atrophy, depressed growth 

testes atrophy, depressed growth 
increased protein, phospholipid 

synthesis in uterus 
testes atrophy, depressed growth 

uterine hypertrophy 
uierine hypertrophy 
uterine hypertrophy 



' Fuji references wiU be found in Stob (1983), from which this table is taken ^^nih 
permission. 



Invesngation of the metabolism of isoflavone oestrogens was stimulated by the 
problem of clover disease in sheep (Bennetts et al. 1946). Originally it was assumed that 
this condition, characterized by a marked loss of fenility. was due to the high levels of 
isoflavones present in subterranean, and other, clovers. Millington ei al. (1964) were 
unable, however, to esubUsh a relationship between the hormonal activity in sheep fed 
clover and the levels of genistein or biochanin A; a positive relationship was. however, 
round between the weaker oestrogen, formononetin. and such activity in vino. It is now 
reahzed that the reason for this apparently anomalous situation lies in differences in the 
metabobsm of these isoflavones in the digestive tract. Whereas biochanin A and genistein 
f'*f°r*"!^. products, formononetin is metabolized to the isoflavan equol 
(XVII). and It IS this compound in the animal which produces the effect on oestrus 

.""f .K \ "P^"^ 'o ^ metabolized in the 

nssues of Oie sheep (Braden el al. 1967). The uterouopic effect of equol is only 10"' 
tiiat of IT^stradiol (Tang and Adams 1980), a potency which is consistent with its 
relauve molar binding affinity to uterine cytosol receptor in vitro (Shutt and Cox 1 972) 

The major pathways which have been elucidated for the metabolism of 
formononeun (VIII) are shown in figure 4. The primary route. A, involves initial 
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Figure 4. Metabolism of formonorieiin in the sheep. 



demeihylation (forming daidzein, IV) and ihen reduction. A secondary process (B) 
involves reduction to the 4'-methyl ether of equol (XVI) followed by demeihylation. 
.Equol possesses about one half of the affinity for binding to receptor sites of sheep 
^uterine cytosol exhibited by genisiein and approximately one quarter of the uterotropic 
activity of this compound when assayed by intravaginal tetrazolium reduction after 
oral administration to mice (Shutt and Braden 1968). About 70% of the formono- 
netin ingested by sheep is converted to equol (Shutt et al 1970) and, to a smaller 
degree, daidzein; in addition, other active metabolites, angolensin (XVIII) and 
0-desmethylangolensin (XIX) (figure 4, route C) may also be formed (Batterham 
et al. 1971). These compounds are uterotropic in mice and bind to sheep uterine cytosol 
receptor sites (relative affinities, angolensin 0 03 and 0-desmethylangolensin 0-05) 
(Shutt and Cox 1972). In agreement with the findings of Bickoff e/ al (1962), referred to 
above, the ocstrogenic activity of the 4'-methyl ether, angolensin, was lower than that of 
its 4'-desmethyl analogue (Micheli et al. 1 962). 

In marked contrast to the above, biochanin A is metabolized in the sheep 
via demethylation (to genistein, V) and thence, by ring cleavage (presumably involv- 
ing the intermediate phenyl-a-methylbenzyl ketone) to the oestrogenically inactive 
p-ethylphenol (XX, figure 5) (Braden et qL 1967). 

Comparative studies in sheep and cattle revealed the latter to metabolize 
formononetin more rapidly and also to be more effective in conjugating isoflavones and 
their metabolites (Braden et al 1971). In sheep the metabolism of biochanin A and 
genistein in the rumen is initially low but increases significantly over the first few days of 
grazing on clover and related forages; this is paralleled by a reduction in the hormonal 
effect of these crops. In marked contrast, the rate of formononetin degradation is not 
adected by lime to any great extent, hence the pasture retains its oestrogenicity 
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Figure 5. Meiabolism of biochanin A in the sheep. 



(Lindsay and Francis 1969). Provided that the livestock are removed from such pasture 
the oestrogenic effects arc reversible. However, continued grazing will lead to 
permanent physiological changes of the reproductive tract (Lindner 1976). Equol has 
been identified in the urine of goals, rats and hens and in each case was considered to 
result from dietary isoflavone precursors, rather than being present in the diet per se, 

Shua ei ah (1970) have observed the metabolism of isoflavones in sheep to proceed 
rapidly; for example, 1 g of biochanin A plus gcnistein was metabolized in about 
90 min. Moreover, the data presented suggested that the initial demethylation (A in 
figure 4), rather than the reduction, was the rate-limiting step. Equol does not appear to 
suffer extensive degradation in the rumen, bm is readily absorbed therefrom (residence 
time 1*7 h). There is a suggestion that residence times for isoflavones may be reduced 
under grazing conditions, a consequence of which may be the less complete metabolism 
of isoflavones in the rumen, a greater concentration of genistein resulting and/or a 
decreased production of equol from formononetin (Shutt et al. 1970). Consequently the 
oestrogenic activity, and effect, of such pasture in livestock depends upon the fine 
balance of isoflavone metabolism in vivo. 

In contrast to the metabolites of steroidal oestrogens, isoflavones are readily 
conjugated as glucuronides and excreted. According to Shutt ei ai. (1967) circulating 
isoflavones are almost exclusively pre^nt in the form of biologically inactive 
glucuronides, although small amounts of the free compounds and their sulpho- 
conjugates, which can yield the free compounds in vivo^ may also occur. A similar 
situation has been observed in man (Axelson et al, 1982). The plasma content of dietary 
isoflavones in sheep following the feeding of red or subterranean clovers was maximal 
30 min after feeding and thereafter rapidly declined; the content of equol increased from 
4 to 10 pg/ 100 ml plasma between 30 and 150 min after feeding, whilst the measured 
conjugated equol in plasma was very much higher (300-400 //g/lOO mO and was 
largely independent of feeding time (Shutt et ai 1967). 

Equol was first reponed in human urine by Axelson ei al, (1982). Total daily 
excretion levels of two male subjects were 10-9 and 35-2 >/g, whilst those of four female 
subjects ranged from 10-7 to 43 -3/ig. In most cases >99-8% of the measured equol 
was excreted as the glucuronide, but in two subjects 5-7 and 9-9% was bound as the 
sulphoconjugaie. Independently Adlercreutz et ai (1982) reported that there was no 
significant difference in the daily urinary excretion of equol by post-menopausal women 
who were vegetarians (mean 35-8 /ig, range 0-ll3/ig), omnivores (mean IS Zfig, 
range 0-102 pg) or suffering from breast cancer (mean 27-2 /zg, range 0-74 //g). The 
maximum mean daily excretion measured was 565 //g over a three-day period, and at 
such a level the authors considered that a biological effect might result. Subsequently 
Bannwart ei al (1984) identified both daidzein and equol monoglucuronides in the urine 
of five female subjects. The levels found in four vegetarian subjects (two pre- and two 
post-menopausal) were much greater than that measured in the single pre-menopausaK 
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omnivorous subject (daidzein: average 396-6 pg/1, range 96 0-1108 //g/1 compared 
with 21-6|ig/I; equol: average 4207 //g/1, range 1493-9663 //g/1 compared mih 
46 0/ig/l). The variation in the vegetarian subjects was ascribed to difTerences in the 
composition of the diet. Apples, cherries, potatoes, garlic, hops and soya products were 
mentioned as the most probable sources of dietary oestrogenic compounds. A less 
important source of these compounds was considered to be products obtained from 
animals which had been fed oestrogen-containing forage. This seems probable, although 
only limited data is available upon which to base a judgement According to Lindner 
(1967) the levels of such isoflavones accumulating in the adipose tissue of sheep (1 //g/g) 
was too low to present a serious health hazard. The effeas of cooking and/or processing 
would, moreover, seem likely to reduce this figure further. 

Recent work has emphasized the importance of soya as a source of dietary 
isoflavones (Axelson et ai 1984). Two healthy subjects were given 40 g of commercial 
texturized soya in place of meat, daily for 5 days. Urinary excretion of equol was found 
to increase 100-1000 fold (figure 6) and traces of daidzein glucuronides were also 
observed. Quantitatively similar results were observed in rats, approximately lOO/ig of 
equol being excreted per gram of soya flour ingested. The figure for soya oil is much less 
(5//g/g), indicating that little, if any, isoflavones are removed from soya during 
processing of the oil (see below). This result is of interest also since Vague et ai (1957) 
have reported cornification of the vaginal epithelium to occur in post-menstrual women 
followng the administration of 100 g corn or olive oil per day for 10 days. The 
uterotropic effect of soya meal and soya*based rations in laboratory animals and 
poultry is well documented (Drane et al 1980). 

Setchell et al (1984) have recently shown that certain people excreted little or no 
equol in the urine when fed 40 g of commercial soya protein daily for 5 days. The 
reasons for this behaviour are unclear, although it appears to be unrelated to the sex of 
I the subject; the authors suggest that the rate of formation of equol was dependent upon 
dietary-related factors, such as the composition of the intestinal microflora, the 
intestinal transit time and variability in the redox level of the large intestine. These 
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workers also demonstrated that human faecal flora were able to degrade soya-rich broth 
components (presumably daidzin and daidzein) to equol. As the authors point out, it 
would be of dubious value to extrapolate the above findings, based upon six subjects, 
two of whom were obvious non-responders. to the population at large. These results do. 
however, emphasize the need for further study into the factors affecting phytoesu-ogen 
metabolism in man, the metabolic fate of dietary oestrogens in non-responders, and the 
variation in the rate of phytoestrogen metabolism in larger populations. The latter may 
in turn lead to the identification of particular *at-risk' groups within the population at 
large. 

Axelson and SeicheU (1981) were unable to determine equol in the urine of germ- 
free rats fed a commercial, soya-containing ration. Glucosidases capable of converting 
isoflavone glycosides to the uterotropically active aglucones have been identified in man, 
as have enzymes which have been shown to carry out the conversion of daidzin to equol 
(Axelson er al 1984). Although no evidence has yet been presented it would be expected 
that genistin-*genistein-*;?-ethylphenol would represent a similar (but i/etoxifying) 
metabolic pathway in man. 

The improvement of methods for the detection and quantification of isoflavones 
and their metabolites in plant material and biological samples has been of great 
importance in the development of an understanding of their chemical and biological 
properties. Such analysis has been effected by a variety of techniques, including 
paper chromatography (Markham 1975), thin layer chromatography (Beck 1964), 
gas chromatography (Nairn et ai 1974). high-performance liquid chromatography, 
spectrophotometry, fluorimetry and immunoassay. Gas chromatographic methods, 
either alone or linked to mass spectrometry, have involved the prior d'erivatization of the 
molecules by converting free —OH groups to trimethylsilyl ethers or trifluoroacetyl 
esters (Nairn et al. 1973). Gas chromaiography-mass spectrometry procedures such as 
single ion monitoring have allowed very low levels of isoflavone metabolites to be 
measured (Bannwart et al 1984, Axelson et al 1984), and using conventional gas 
chromatography procedures the former authors have demonstrated a detection limit of 
1 fx% equoI/24 h urine sample. With such low levels, the isolation, extraction and 
concentration of the compound(s) of interest from the bulk sample is of paramount 
importance. The use of reversed-phase silica for preliminary clean-up has proved 
especially useful for the exuaction of isoflavones and equol (and their conjugates) from 
urine, following which enzyme hydrolysis and ion exchange clean-up processes are 
employed (Axelson et ai 1984, Bannwan ei qL 1984). Use of DEAE Sephadex (base 
form) enables a degree of separation between mono- and diphenolic species to be 
effected (Axelson et al 1982). 

The advantage of high-performance liquid chromatography techniques is that the 
samples can be examined without the need for derivatization; under such conditions 
both free compounds and conjugates may be analysed directly. Following the original 
report of Kallela and Saastamoinen (1978), a number of techniques have been 
described, which almost invariably use reversed-phase systems. Methods developed for 
the analysis of isoflavones in clover and other fodder crops usually rely upon the facile 
hydrolysis of the glucosides during plant maceration and extraction such that the 
isoflavone aglucones are separated and quantified. Petierson and Kiessling (1984) and 
Sachse (1984) both include chemical hydrolysis prior to sample analysis. Free 
isoflavones and glucosides are readily determined in soya by high-performance liquid 
chromatography and, of the methods described, the present authors favour that of 
Eldridge (1982a) in which all of the likely soya isoflavones are separated, an internal 
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standard is included and no problems of co-eluiing impurities are encountered. The 
latter severely limits the usefulness of a semi-preparative method for the isolation of 
daidzin and genisdn, reducing the loading capacity to an extent that conventional 
chromatography (using Sephadex LH20) was of comparable efficiency (Farmakalidis 
and Murphy 1984a). 

The analysis of soyabean (meal) and fractions have almost invariably revealed the 
presence of daidzin. daidzein, genisiin, genisiein, glycitin-7)ff-glucoside and glycitein, the 
latter two being uteroiropically inactive and for this reason not included in table 3. 
Small amounts of formononetin were also claimed to be present by Shemesh et al. 
(unpublished, cited in Lindner 1976), but details of the method were not given; in the 
absence of any independent confirmation and bearing in mind the obvious differences 
between the results of these workers and others (table 3) for the levels of the other 
isoflavones, this report should be ueaied with caution. Ii is generally held that the major 
proportion of soyabean isoflavones are present as glucosides (table 3), but as has been 
indicated these are readily degraded by intestinal bacteria prior to metabolism, 
conjugation and excretion. BickofTe/ ah (1962) have reponed that 8 mg of genistein (or 
lOmg of daidzein) was the minimum dose needed to induce a hormonal response in 
mice; hence the oestrogenic effect of soyabean meal and soyabcan-containing 
commercial rations on poultry and laboratory animals is readily understood, especially 
when it is further realized that biologically significant levels of coumestrol and its methyl 
ethers may also be present. 

Much research on the isoflavones of pasture and forage crops has demonstrated 
that many factors (e.g. the physiological age of the plant, its genetic origin, climatic and 
environmental factors associated with growth) can affect the ultimate content of these 
compounds in the plant (Bickoff 1968, Rossiier and Beck 1967), and more recent work 
has shown these factors also to be important in soya. However, additional consideration 
must be taken of the effect of subsequent processing, especially as it relates to human 
food ingredients. 

Eldridge and Kwolek (1983) have shown that the defatting of full-fat soya does 
not remove isoflavones or their glucosides, contrary to the earlier claim of Booth et ai 
(1960). Support for this later finding comes from the work of Axelson et a/. (1984) refer- 
red to above. Analysis of soyabean hull (8% by weight), hypocotyl (2%) and cotyledon 
(90%) fractions revealed isoflavonc contents of 10-20 mg/100 g, 1405-1750 mg/lOO g 
and 3 19-808 mg/100 g respectively. It should be noted that coumestrol is concentrated 
primarily in the hull and testa portions (Lookhari 1979). Daidzin and glycitin account 
for more than 95% of the total isoftavone content of the hypocotyl, whereas in the 
cotyledon the latter is almost absent and genistin predominates. Eldridge (1982b) found 
that soya protein concentrate (containing 70% protein) prepared by aqueous leaching 
contained higher levels of isoflavones (247 and 317 mg/100 g) than were present when 
an aqueous alcohol process was used (16 and 43 mg/100 g). Soya protein isolates, 
containing 90% protein, although obtained by a variety of unspecified procedures, 
contained similar isoflavone contents (103-145 mg/100 g). most of which was genisun 
and genistein. Combined levels of daidzin and daidzein. yielding equol on metabolism, 
ranged between 24 and 51 mg/100 g. Seoand Morr( 1984) found a commercial protem 
isolate to contain 96 mg isoflavoncs/100 g. Whilst in general agreement with these 
findings, Murphy et al (1982) observed the level of isoflavone glucosides m soyabeans 
to decease substantially on germination, during protein isolation or when calcium- 
precipitated tofu was prepared. There appeared, however, to be no corresponding 
increase in the free forms of these isoflavones. According to Gyorgy et al (1964) 
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daidzin and genistin are hydrolyzed by Rhizopus oryzae during the fermentation of 
soyabeans lo produce tempeh. Defatted soya flakes contained 287 mg isoflavones/lOO g 
(Sec and Morr 1984) and this was decreased by various protein isolauon procedures to 
203 mg/IOO g (acid precipitation), 53 mg/lOO g (dialysis). 8-3 mg/lOO g (ion exchange) 
and 6- 1 mg/100 g (activated charcoal treatment). A commercial sample of soya protein 
hydrolysaie contained genisiein and daidzein contents of 54 and 15-2 mg/100 g, 
respectively; animal rations containing soya hydrolysatcs were also observed to possess 
very low levels of isoflavones (Murphy 1982). Germinated bengal gram (Cicer 
ariemanum) was found to contain biochanin A and formononetin at levels of 71 and 
77 mg/100 g (Dziedzic and Dick 1982) and 98-6 mg and 44- 1 mg/100 g (Sharma 
1979a), respectively. The laner worker also identified daidzein (5 • 1 mg/100 g). 

Bartholomew and Ryan (1980) found daidzein, genistein, formononetin and 
biochanin A all to be non-muiagenic when screened using the Sa/mo/iW/a/mammaiian 
microsome assay, the behaviour of the first two compounds being in agreement with the 
findings of Sugimura ei al (1977), and confirmed by Murphy and Glatz (in Murphy 
1982). . 

Isoflavone aglucones have been shown to be responsible in part for the anuowdant 
activity of soyabeans and their products (Gyorgy et al. 1964, Pratt and Birac 1979, 
Pratt et aL 1981). These compounds also contribute to the astringent and bitter tastes of 
defatted soyabean (How and Morr 1982) and soy protein products (Huang ei al, 1981). 
Soyabean isoflavones possess marked antifungal activity, whereas the glucosides are 
almost without action (Nairn et aL 1974). Sharma (1979b) has demonstrated that 
biochanin A, formononetin and praiensein possess hypolipidaemic activity in the albino 
rat, but daidzein (and genistein (OUis 1962)) was inactive. It was considered that this, at 
least in pan, explained the hypocholesterolaemic activity of the black gram and navy 
bean (Saraswati Devi and Kurup 1972, Hellendoom 1976). 



Coumestans 

Coumesians possess structures exhibiting close simUarity to those of isoflavones to 
which they are biosynthcUcally related. A relatively large number of these compounds 
have been isolated from plants (Wong 1975), but only a few have been shown to possess 
uterotropic activity. For example, Verdeal and Ryan (1979) list eight coumestans which 
have been identified in alfalfa, only two of which possess such acuvuy. These 
compounds, coumestrol (7,12-dihydroxycoumesian, XXI) and 4'-methoxycoumestrol 
(7-hydroxy-l2-methoxycoumesian, XXII) (figure 7) are the most common of this class 
of oestrogen and have been reported in alfalfa, ladino clover and other fodder crops 
where their presence is associated with widespread problems of ammal performance 
(Stob 1983). According to Hanson et al. (1965), over 90% of the oestrogemc acuvuy of 
potent dehydrated alfalfa samples was due to its coumestrol content and Lookhart 
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(1980) has found serious oesuogenic effects to result from feeding cattle haylage 
containing 37 rag coumestrolAg. Bickoff et al. (i960) and others (Micheh ei al. 1962) 
have investigaied the effect of structural changes in the coumestan molecule on its 
hormonal activity. PhenoUc groups in the 7,12 positions were important; thus the 
7.methyl ether and 12-methyl ether (XXII) possessed only 54% and 15%. respeeuvely. 
of the uterotropic activity of coumestrol itself when administered orally to mice. 
7 12-Diacetoxycoumestrol was almost as active as the parent compound wher^ 
administered in the same manner, presumably reflecting the lability of the acetoxy 
groupings in t-'/to. .i.. 

As may be seen from figure 1. the uterotropic potency of coumestrol in the mouse 
is greater than that of the isoflavones and. as vnth the latter, variation occurs according 
to species and means of administration. Braden et al. (1967) found coumesuol 
(administered intraruminally) to be 15 times more active than the most potent isoflavone 
and it is even more potent when injected inuamuscularly. In the mouse, coumestrol is 
35 times more acuve (and its diacetate 24 times more active) than genistein but suu 
possesses less than 0 03% of the activity of diethylstilboesuol (Bickoff « at. 1962). The 
coumestans. like the isoflavones. bind competitively to mammalian oestrogen receptor 
sites and are more active when assayed in this manner. The relative binding efficiency 
(that of 17^-oestradiol=100) of coumestrol has been reported as 1-4 (rabbit utenne 
cytosol, Shemesh et al. 1972). 4 -9 (sheep uterine cytosol, Shutt and Cox 1972). 4 . 9 (rat 
uterine cytosol. Verdeal et al. 1980) and 19-7 (calf uterine cytosol. Lee et al. 1977). 
. When tested in human cancer cell preparations the relative affinity of coumestrol was 
measured as 9-8 (Martin et al. 1978). According to Fredericks.w al. (1981) coumestrol 
may exert its effect on fertility in vivo by inhibiting follicle stimulating hormone. Little is 
known about the metabolism of coumestrol: KeUy (1972) has found the compound to 
be rendered less acUve in sheep oyer a period of 7-14 days. Whilst this might be due to 
the formation of less active metabolites, the chemical nature of whicn is obscure, mor 
recent work suggests an alternative explanation. Coumestrol '^f 
to a rather lower extent than the isoflavones. Thus Kelly and Lindsay (1978) found 
between 20% and 40% of the total coumestrol in sheep's plasma to be presem in the free 
form (compared to less than 10% in the case of the isoflavones) (Shutt et al. 1967). 
Significantly the concentration of free coumestrol in sheep's plasma remained constant 
over 16 days, during which time the animals became biologically less sensitive to the 
oestrogenic effects of this compound. The loss of sensitivity, moreover, appeared to be 
related to the amount of dietary coumestan and the period of exposure. Further work is 
needed to clarify the factors underlying these interesting observauons. The biological 
effects of administering coumestrol to animals is shown in table 4. 

Coumestrol has been found in a range of plant products commonly consumed 
by man (table 5). The highest levels were noted in sprouts of alfalfa and. especially, 
soyabean (Knuckles et al. 1976b). Legume sprouts and shoots have in recent years been 
consumed in increasing amounts by certain sections of the population of the UK and 
other western countries. It would seem prudent to conduct a more detailed study o 
the coumestrol (and isoflavone) contents of these materials using modern analyncai 
methods. In the aforementioned work. Knuckles et al. used paper chromatography 
alUed to fluorimetric detection and quantification (Knuckles « al. 1976a); at the present 
time, however, the best method of analysis would appear to be high-performance liquid 
chromatography (Lookhart « al. 1978. 1980) using ultraviolet or fluorimetnc detecnon. 
By judicious choice of mobile and stationary phases it is also possible to momtor 
isoflavones and coumestrol simultaneously (Pettersson and Kiessling 1984). 
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Table 4. EfTects of pure coumesians and zearalenone." 



Animal 


Compound 


Dose 


EfTeci 


Mouse 


coumesuo) 


I00-500;/g/gdici 


uterine hypertrophy 




coumesvol 


500 jbg/g diet 


antigonadotropic 


Rat 


coumestrol 


I mg injected. 
5 days neonatally 


persistent oestrus syndrome 




coumestro) 


1 25 //£ injected 


increased protein and phospholipid 




diacetate 




synthesis in uterus 


Sheep 


coumestro! 


12 mg injected, 
I -4 g iniraruminaily 


uterine hypertrophy 


Mou&e 


zearalenone 


IO;/g/g diet 
20 Mi injected 


uterine hypertrophy 
uterine hypertrophy 


Rat 


zearalenone 


1 mg, oral 
600 pg topical to 
skin 


uterine hyperuophy 
uterine hyperuophy 


Swine 


zearalenone 


1-50 mg daily, oral 

lOOpg/g diet 
2$~lQ0tig/% diet 


hyperuophy vulva, vagina, uterus and 
mammae; metaplasia of cervical 
epithelial cells 

infertility 

infertility, nymphomania, pseudopregnancy. 
reduced litter size, smaller pigs, 
maUormauonSt juvenile hypcroesirogenism, 
probable fetal resorption 


Chicken 


zearalenone 


300-800 //g/g diet 


hyperuophy of vent, oviducts and 
cloacal bursa, eversion of cloaca 


Turkey 


zearalenone 


300-800 ;/g/g diet 


hyperuophy of veni. oviducts and 
cloacal bursa, eversion of cloaca 


Monkey 

\ 


zearalenone 


14 or 56//g/kg 

injected 
1 4 pg/kg injected 
400 pg daily. 

orally for 4 days 


stimulation, LH* surge 

serum LH depression 
serum LH depression 



" Full references vrM be found in Stob (1983), from which this table is taken v^ith permission. 
* LH = luteinizing hormone. 



Table 5. Coumestrol content of plant products." 





Coumesuol content 


Product 


(//g/l00gdr>' weight) 


.Alfalfa sprouts (fresh) 


500 


Soyabean sprouts (fresh) 


7110 


Soyabeans (dr>') 


120 


Defatted soyabean meal (dry) 


40 


Soyabean concentrate 


20 


Soyabean isolate 


60 


Frozen green beans 


100 


Frozen snow beans 


60 


Frozen green peas 


40 


Frozen Brussels sprouts 


40 


Dried red beans 


40 


Dried split peas 


30 


Frozen spinach leaf 


10 



" Dau from Knuckles ei at. (1976) with permission. 
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The couraesirol content of plant material has been observed to vary with a variety 
of factors (BickofT et ah 1969). For example, Hanson ei ai (1965) have shown that of 
alfalfa to be affected, to various degrees, by variety, stage of growth, cutting, the year 
and location and, to a significant degree, by the presence of disease. Coumestrol has 
been observed to accumulate in alfalfa and other legumes following insect (Leper 1968) 
or fungal attack (Loper 1968, Loper and Hanson 1964, Stuthman et al 1966, Loper 
et al 1967). According to Sherwood et al (1970) coumestrol was not translocated from 
the infecud area to other parts of the plant Whereas coumestrol in undamaged, non- 
infected plants was metabolized via the isoflavone pathway (Grisebach and Barz 1963. 
1964). the origins of the coumestrol biosynthesized as a result of such insect or fungal 
damage is unknown. 

Concern over the presence of coumestans in alfalfa and ladino clover has resulted 
from the reduced reproductive performance of animals maintained on such fodder 
(Hanson et al. 1965, BickofT et al 1969) and both breeding programmes and improved 
husbandry practices have been initiated to reduce the extent of the problem. Of the 
latter, treatment with agrochemicals can minimize the pest and fungal attack which 
results in accumulation of coumcstrols and other plant phenolics; moreover, the intake 
of coumestrol by animals can also be reduced by the feeding of immature plants in 
which the coumestrol content is known to be lower than in the mature plant. In the 
absence of any information concerning the amount, if any, of coumestans which enter 
the human body indirectly via the residues in animal products and milk obtained from 
livestock grazing on oestrogeiiic pasture, concern over the intake of these compounds 
by man is centred mainly upon their presence in common food plants (table 4), 



vegetable protein and 'health* products. { 

Leaf protein concentrate has been suggested as a source of protein for humans, , 

and methods have been described for its preparation from alfalfa (Kohier et al 1968, , 
Edwards et al 1 975). The effect of such processing on the coumestrol content has been ^ 

examined by Knuckles et al (1976b). Relatively little of the original coumestan content ( 

of the alfalfa (11-118 mgAg) was removed in the solubles daring the early stages of the j 

processing. Protein concentrates possessing 9-14 nig coumestrol/kg were obtained by ^ 

commercial-type processing in which heat coaguladon and washing was carried out ^ 

under acid conditions (pH4*5-6-5), whereas if the medium was kept alkaline ^ 

(pH 8*5-9-5) the coumestrol content was much lower (3 mgAg) due to the greater . ^ 

solubility of the oesu-ogen under these conditions. Diafikered alfalfa leaf protein ^ 

concentrate possessed a coumestrol content of only 0-4 mg/kg (measured as freeze- / 

dried powder). Since the coumestrol content of diseased or damaged alfalfa leaves may ^ 

exceed 1000 mg/kg. i.e. 10-100 times that of undamaged tissue, it is clearly important p 

that the quality of the materials selected for processing be maintained as high as p 

possible. :] 

Alfalfa and other leguminous products have been widely marketed in recent ^ 

years as health foods, tonics and supplements. Recendy, Elakovich and Hampton ^ 

(1984) have analysed commercial alfalfa tablets and found these to contain 20-194 tig ^ 

coumestrol/g, equivalent on a daily dosage basis to 1-2 mg of coumestrol. The effect of ^ 
long-term exposure to such levels (together with that of any isoflavone oesu-ogens which 

may also be present) cannot yet be ascertained. However, this work clearly points to the ^ 

desirability of monitoring the contents of physiologically active substances in health ^ 

products since the 'recommended* doses (if stated) are frequently exceeded and the ^ 

products may not be covered by the same legislative controls as foods and feeding- ^ 
stuffs. 
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•h,. S.""""'""' .'^'l ''}'^"^ » possess tumour-promoting activity similar to 
that of 17^-oestradiol and diethylstilboestrol for dimethylbenzanthracene-induced rat 
mammary tumours (Verdeal et at. 1980). However, Bartholomew and Ryan (1980) 
have reported this compound to be non-mutagenic in the Ames test. Both coumestrol 
and Its 4 -methyl ether had been shown to possess weak antifungal activity (Van Etten 



Resorcylic acid lactones 

UnUke the previous two groups of plant oestrogens, the resorcylic acid lactones are 
not m,rms.c components of food plants but are secondary mould metabolites of fungal 
pec.es, pnnc|pa^^y Fusarium. e.g. F. roseum var. gramlnearum (Gibberella zeae) which 
r,v^r M°"if Poo^'y stored grains, oil seeds and 

hay(C««o,. ,970,Eugenio«./. 1970.SherwoodandPeberdy 1972.Abb^ 
984 . There have been a number of detailed reviews on the chemistry (Shipchandler 
1975), production and biological activity (Mirocha ei al 1971. 1977. Mirocha and 
Chnstensen 1974. Pathre and Mirocha 1976. Hidy et al. 1977, Betina 1984) of these 
compounds and a comprehensive coverage of these and other aspects of Fusarium 
moulds ,s now available (Moss and Smith 1984). The economic los^s associated w^ 
the feeding, especially to swine and cattle, of rations containing such mould-damaged 
produce have nghUy meant that emphasis is primarily placed on the effects of such 
compounds on livestock, rather than on humans. However, since there is. at least in 
pnncple, the possibility of these compounds being carried over into humans via the 
consumpuon of animal producu. and as many grain and cereal products are now 
formulated directly for human consumption, it is appropriate to consider the levels of 
such compounds likely to enter the human body and, thereby, assess the likely risk from 
|sucn compounds. 

The most common ocsirogen of this group is zearalenonc (6-(10-hydroxy.6- 
oxo-/ra«s-l-undecenyl) /?-resorcyUc acid lactone, XXIII). The reduced compound, 
zearalanol (XXVI. figure 8). has been marketed as a growth promoter in sheep and 
™":«H tvrv'! zearalenone are the epimeric /?- and a-zearalenols 

lAAv and XXIV). Other compounds have been identified (Verdeal and Ryan 1979) 
but m general little is known about their biological acUvity. Zearalenone is usually 
ftnh a mycotoxin (F-2 toxin) but some reviewers consider this as inappropriate 
(btob 1983) There have been a number of cases reported where the feeding of 
Fu!;anummhcitd rations have caused death, abonion and other serious physiological 
disorders in livestock and poultry, and in some cases these were attributed to the 
presence of zearalenone. It is possible that other, more toxic, substances were also 
present, since such moulds normally produce a number of mycotoxins simultaneously 
these may include trichotheccnes. such as T-2 toxin, deoxynivalenol and dia- 
cetoxyscirpenol. As Stob (1983) has stated, the involvement of zearalenonc in some 
or the more distressing symptoms associated with the feeding of Fusarium mhcxtd 
rations should be treated with circumspection and the role of zearalenone itself should 
be demonstrated in controlled feeding trials, where such additional compounds can 
DC excluded. The observed LD^o of zearalenone is certainly far removed from those 
or other mycotoxins. being 5. 10 and 20g/kg in female guinea pigs, rats and 
mice respectively. For these and other reasons, Stob (1983) has suggested the 
terms 'mycoestrogen'. 'fungal oestrogen' or *oestrogenic metabolite' as being more 
appropriate. 

Zearalenone, zearalenol and zearalanol have been found to bind to mammalian 
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oestrogen receptor sites. Kiang el al (1978) showed these to bind to uterine cytosol 
and nuclear receptors in the order cis-zearalenone (not naturally occurring) > /ran^- 
zearalenonozearalenol (stereochemistry unspecified) > zearalanoi. All four com- 
pcunds almost completely inhibited the binding of H^^stradiol at a ratio of 100:1. 
Kaizenellenbogen et al (1979) found a-zearalenol to be more active than either 
^-zearalenol or zearalanonc when measured by competitive or direct binding assays 
using rat uterine cytosol receptors. The former compound was observed to possess 
13-6% and 15% of the effect of 17^-oeslradiol upon competitive and direct bindmg 
analysis, respectively. 

It has been suggested (Ucno and Tashiro 1981) that the oestrogenic effect of 
zearalenone is due to its metabolism to zearalenol, and this suggestion has been 
supported by more recent work (Shcehan et al 1984). Despite the structural 
dissimilarity between zearalenone and l7j?-oestradioK as Duax et al (1984) have 
pointed out, there is considerable similarity between their respective hydrophobic bulk. 
Zearalenone binds to rat hepatic cytosol oestrogen receptors (Powell-Jones et al 1981) 
as well as to those of rat uterus, with which it has been found to bind more suongly than 
the isoflavones but less strongly than couraestro! (Verdeal et al 1980). Radio-labelled 
zearalenone, injected inuavenously into mice, was found to be bound to oestrogen 
target organs, e,g. uterus, intestinal testicular cells and ovarian follicles (Appelgren et al 
1982). Studies by Martin et al (1978) showed that zearalenone was less potent than 
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either isoflavones or coumesirol when assayed by competitive binding to human breast 
cancer cell oestrogen receptors. The uterouopic activity of zearalenone has been 
demonstrated by various workers (Stob 1983)— for example, when administered by 
mouth it was lO' times less active in the mouse than was diethylstilboesirol (figure 9). 
By subcutaneous injection in the same species, the compound was 500 times less active 
than 17^-oestradioI (Katzenellenbogen et al 1979). Mirocha et al (1978) have shown 
c/s-zearalenone to possess stronger uterotropic activity than the natural rra/is-isomer; 
CIS- and /raws-zearalenols were found to be of comparable activity by the same workers. 
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Figure 9. Relative uieroiropic activity of orally adminisicred diethylsiilboesiroi and zearalenone (after Stob 
!9S3). 



The biological activity of zearalenone in animals is shown in table 4. Data on the 
oesirogenic potency of zearalenone in rats has been obtained by Kumagai and Shimizu 
(1982); by uterotropic assay this compound possessed less than 0- 1% of the activity of 
1 7^-oestradiol, a figure in agreement with that resulting from estimation of vaginal 
cornification following systemic administration. In contrast, the vaginal comification 
bioassay indicated that zearalenone possessed about 1% of the activity of 17^- 
oestradiol when administered locally. Furthermore, neonatal exposure to zearalenone 
produced anovulatory sterility in the rat, the potency being 10% that of l7^oestradiol. 
There is considerable evidence that pigs are especially sensitive to zearalenone 
(Mirocha et al. 1974, Chang ei ai 1979) with hormonal effects resulting from as little 
as 1-5 mg/kg diet. According to Chang et ai (1979), the inclusion of 25-100 mg 
zearalenone/kg In the ration of sows led to multiple reproductive deficiencies, including 
infertility, reduced litter size and weight and hyperoestrogenism. Zearalenone and 
zearalanol have been shown to increase weight gain when implanted subcutaneously in 
sheep (Hidy et ai 1977) and subsequent study demonstrated the latter to be especially 
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effective in steers and heifers (Willeman and Bouffauli 1983). Further work also 
resulted in synthetic zearalanol implants being produced commercially. 

In primates, orally administered zearalenone was 80 or 160 limes less active than l 

17^-oestradiol or dieihylstilboestrol, respectively, in inhibiting synthesis and release of o 

gonadotropins (luteinizing hormones) from the anterior pituitary (Hobson et al 1977), d 
but the effect is much greater if the compounds are administered by subcutaneous / 1 
injection and all three compounds are then of comparable effectiveness. In humans, * a 

75-100 mg of zearalenone/day have been reported to be effective in the treatment of q 

posi-menopausal syndrome in women (Uiian 1973, Hidy and Baldwin 1976b) and, h 

according to Hidy et qL (1977), the cHnically effective daily dose of zearalanol for such o 

purposes is 50-75 mg, a practical result which was in agreement with that inferred from si 

animal experiments. Both zearalanol and zearalenone are effective as oral contraceptive ci 

agents in humans (Hidy et al 1 976a), ij, 

According to unpublished work cited by Hidy et al. (1977), the major metabolite 
of orally administered zearalenone in the sheep was ^-zearalenol (XXV) which was 
shown to possess only 25% of the oestrogenic activity of the parent compound. L-eno 
and Tashiro (1981) observed only small amounts of this metabolite in rat faeces, the 
main product being the epimer, ar-zearalenol (XXIV), which was three limes more 
uierotropically active than zearalenone and also bound more strongly to mammalian 
uterine cjiosol receptor. ar-Zearalenol may be present in both the free and conjuga- 
led (^..i;lucuronaie) forms (Kiessling and Peitersson 1978. Olsen et aL 1981) and 

conjugation of zearalenone itself may also represent a significant detoxification process o\ 
(Kiessling and Pctiersson 1978. Olsen ei al 1981) in the rat. Rumen-microbes have ' sc 

been observed to metabolize zearalenone into a- (mainly) and ^-zcaralenols and it has 2* 

been suggested that an additional explanation of the oestrogenic effect of zearalenone- cc 

zcaralcnol metabolism is the interruption of normal steroid metaboiibm via the th 
necessary involvement of hydroxysieroid dehydrogenase (Kiessling and Pettersson ( ze 

1978, Olsen et al 1981). As has been menuoned earlier, zearalanol has been used to of 

improve weight gain of livestock. The main metabolite of this compound in a wide range fr< 

of species, including man, is zearalanone (XXVII); both compounds have been found in pr 

the free and bound forms (Hidy et al 1977). of 

According to Dixon and Russell (1983). when four cattle were implanted wiih otl 

36 mg of zearalanol, mean maximum urine levels were M S^g/X (22 days after Ar 

implantation) and declined to 2 -9 //g/1 by day 69. Two experiments were conducted with of 

sheep, who received 12 mg zeralanol implanted into the base of the ear. Mean maximum bei 

urine levels were reached after 35 days {ASfi%f\) and 56 days (90//g/l) in the two afl. 
experiments, and thereafter declined to 26//g/l (day 42) and W l fi%f\ (day 70), 
respectively. Ruddick et al (1976) reported zearalenone to be teratogenic although 
more recent work (Davis et al 1977, Wardell et al 1982) could not confirm this. 

Numerous methods have been described for the analysis of zearalenone (Gilbert 

1984), including thin layer and paper chromatography (with colourimeiric or ultraviolet det 

detection) (Caldwell et al 1970), gas chromatography (utilizing the trimethylsilyl- or Wc 

pentafluoropropionate derivatives) (Steele et al 1976, Holder et al 1977), gas hy( 

chromatography-mass spectrometry (Mirocha et al 1974, Scott et al 1978) and high- unj 

performance liquid chromatography (Scott et al 1978, Cohen and Lapointe 1980). pre 

Thin layer and high-performance liquid chromatography have also been used to rec. 

separate zearalenone and its metabolites in biological samples (Kiessling et al 1984. 'Qi 
Ueno and Tashiro 1981). The detecdon limit for zearalenone using high-performance 

liquid chromatography, with Spherisorb 5 fim column and fluorescence detection, was eiih 
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5pg/kg in corn flakes (although a second high-performance liquid chromatography 
column was needed to remove an interfering compound in other com products) and 
lO^g/kg in corn (Scott et al. 1978, Ware and Thorpe 1978, respectively). For purposes 
of routine screening, simpler techniques using thin layer chromatography have been 
developed. With Fast Violet B as spray reagent, detection limits of 20 //g/kg (Scott et al 

•1978) and 80/igAg (Swanson et al. 1984) have been reported for zearalenonr in corn 
and corn-based foods. The latter workers also considered the method amenable for the 
qualitative, but not quantitative, screening of zearalenol (detection limit 200//gAg)- 
Immunological techniques have been developed for the detection and quantification 
of zearalanol (Dixon 1980, Dixon and Russell 1983, Thouvenot and Morfin 1983) but 
since related compounds, such as zearalanone and zearalenone, may possess significant 
cross-reactivity towards the antiserum, a preliminary separation with high-performance 
liquid chromatography has been recommended (Jansen et al. 1984). 

The extent of the contamination of grain crops with Fusarium species may be 
considerable. In 1972, 38 out of 223 com samples from areas in the USA where such 
contamination was suspected or expected were found to contain zearalenone, the levels 
ranging from 100 to 5000pg/kg (Eppley et al. 1974). A similar study the following year 
revealed zearalenone levels of 38-294 //g/kg in 19 out of a total of 315 marketable corn 
samples (Stoloffe/ al. 1976). There was clear evidence of localized regional occurrence 
with 10% of the samples from the Corn Belt (17 out of 169) being affected. The same 
workers also measured zearalenone contents of 97-10 400 //g/kg in 57 samples of 
obviously damaged corn. The results of other surveys of wheat, grain sorghum, 
soyabeans and corn have been summarized by Bennett and Shotwell (1979). 
Zearalenone has been detected in six samples of Mexican com intended for human 
consumption, but the levels were not quoted (Mirocha et al. 1972). Of 293 samples of 

•the 1982 Australian maize crop recently examined (Blaney et al. 1984), 85% contained 
zearalenol; the mean concentration was 170/ig/kg but four samples possessed in excess 
of 1000 //g/kg- Cote et al. (1984) found 40 out of 342 feed samples, obtained in 1981 
from the area around Illinois and suspected of causing or contributing to animal health 
problems, to contain zearalenone. Levels ranged from 100 to 8000;/g/kg, with a mean 
of 660 pg/ks* Canada, problems associated with Fusarium infection of corn and 
other crops would seem to occur predominantly in Ontario (Andrews et al. 1981). 
Analysis of suspected samples over the period 1972-1977 revealed some 10% (214 out 
of 2022) to possess zearalenone, levels ranging from 10 to 141 000;/g/kg, the mean 
being 3850 /^g/kg. Zearalenone, deoxynivalenol and. apparently for the first time, 
aflatoxin Bj, have recently been identified in commercial wheat samples from the mid- 
western USA. Of a total of 33 samples examined, zearalenone was present in trace 
amounts in two samples and, in another three, at levels of 35, 90 and 1 15//g/kg (Hagler 
eiai 1984). 

There is some disagreement over the effectiveness of chemical treatments for 
detoxification of zearalenone-contaminated grain. An American patent (Tamas and 
Woller 1977) describes either 3-6% aqueous hydrogen peroxide or ammonium 
hydroxide as effective, but the removal of zearalenone was not quantified. However, 
unpublished work, referred to by Bennett and Shotwell (1979), found the ammoniation 
process used for removal of aflatoxins to have no effect on zearalenone levels. More 
recently, Kallcla and Saastamoinen (1981) have shown the farm grain preservative 
'Gasor to have a beneficial effect in reducing the levels of zearalenone in stored grains. 

A considerable amount of the world grain crops is used as human food sources, 
either directly or after processing. In many pans of the world such use represents the 
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major pan of the crops* uiilizauon. There have been a number of reports of zearalenonc 
being found in southern African foods, drinks and raw materials. Thus levels of 
100-800 //g/kg were measured in corn used for the brewing of Zambian beer (Lovelace 
and Nyathi 1977) with an average of 920pg/kg (maximum 4600pg/kg) being found in 
such beers and 800-4000 ^g/kg in the com malt used in the brewing process. Of 55 
samples of sour drinks, porridges and beers from Swaziland, six were found to contain 
zearalenone (referred to in Bennett and Shotwell 1979) at levels between 800 and ( 
5300 //g/kg. Of local beers from Lesotho, 12% of the 140 samples examined also 
contained this oestrogen (300-2000 //g/kg). Rather lower levels were found in Lesotho 
beer by Martin and Oilman (1976) (approximately SOug/kg) and samples of maize 
porridge, sorghum malt were also found to be contaminated (Martin 1 974), MacDonald 
and Raemakers (1974) found zearalenone in South African maize samples. Together 
with zearalenone, the presence of other, more toxic, metabolites may be expected 
(Bennett and Shotwell 1979) and although the climate in southern Africa might be 
expected not to be such as to facilitate such mould growth as might occur in other parts 
of the worid, Marasas et al (1977) have found strains of/", graminearum in southern 
Africa capable of producing deoxynivalenol, and possibly other mycotoxins. 

According to Stoloff and Dalrymple (1977), zearalenone was not detected in the 
primary or by-products from dry milling operations. Bennett et al. (1976, 1978) have 
examined the effects of processing on naturally contaminated corn. Wet milling was 
found to concentrate the oestrogen in the gluten fracuon with lesser amounts being 
found in the milling solubles, fibre and germ respectively. The starch fraction was free of 
zearalenone. Dry milling led to a two- to three-fold concentration of the zearalenone in 
the germ. Both milling processes led to a concentration of the zearalenone into fractions 
used as animal feedingstuffs. 

Scott et al. (1978) have examined various corn products for zearalenone using 
both high-performance liquid chromatography and gas chromatography. Largest / 
amounts were found in a sample of cornmeal (26 fig/kgX although two other samples ^ 
contained no detectable amounts. Frozen corn contained 2;jg/kg, corn chips 0 and 
2/fg/kg, popcorn 0 and 7;/g/kg and three samples of cornflakes 0, 0-4 and 14;/g/kg 
respectively. The carry-over of zearalenone in cattle consuming naturally infected 
wheat rations has been studied by Shreeve et al. (1979). Concentrates (385-1 925 /ig 
zearalenone/kg) were fed to two cows for 7 weeks. No zearalenonc (detection limit 
4 pg/kg) residues were detected in muscle, kidney, liver, serum, milk or urine. The result 
should be interpreted with some caution bearing in mind the number of animals used 
and the inability of the analytical method used to detect zearalenone metabolites. The 
study also revealed apparent indications of interactions between dietary fungal 
• metabolites which would warrant further examination. Mirocha (198 1) has detected a- 
and ^-zearalenol ( 16-76 ^g/kg) in the milk of a cow following the oral dosage of 
[^H] zearalenone. Palyusik ei al. (1980) have described the results of feeding two 
lactating sows a diet containing pure zearalenone (40 mg/kg). In addition to various 
physiological effects attribuuble to the oestrogenic effect of this compound, analysis of 
the milk from these animals showed mainly ^-zearalenol ( > 80% of original toxin) and 
a-zearalenol (-^15%) with only traces (0-5-1 -3%) of unchanged zearalenone. The 
highest concentration of zearalenol found in milk was 0-79 p.p.m. The authors reported 
that the metabolites could be detected in the milk samples within 2 days of feeding the 
zearalenonc and were stilt present 5 days after it had been removed from the diet 

Calculations quoted by Lovelace and Nyathi (1977) give possible daily intakes 
of zearalenone of 450 //g and 170/ig for rural farmers in Southern Province and 
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inhabitants of Lusaka, respectively. The figure for cenain individuals is certainly much 
higher. Marasas et al (1979). on the basis of animal data, considered that 500 //gAg 
was a biologically significant dose of zearalenone. However, as has been indicated, there 
is a considerable variation in sensitivity between species and the toxicity of zearalenone 
in man is unknown, but based upon data from other primates (Hobson ei al 1977) is 
probably low. Ueno and Kuboia (1976) suggested that zearalenone was mutagenic to a 
recombination-deficient line of Bacillus subtiliSy but this could not be confirmed by 
Wehner el at. (1978), using Salmonella lyphimurium, 

Schoental (1979) has suggested that zearalenone and other Fusarium mycotoxins 
may have a role in the aetiology of tumours of the digestive tract and gonads in animals 
and man, and there has been speculation (see Martin and Keen 1978) that dietary 
oestrogens might be implicated in the high incidence of cervical cancer in certain areas 
of Southern Africa, e.g. Swaziland and Lesotho. 

Mouldy corn from areas of the Transkei associated with high and low incidences 
of oesophageal cancer has been examined for mycotoxins (Marasas et al. 1979). Pooled 
samples from these areas showed no significant differences in the extent and nature of 
the Fusarium species present. However, when four sub-samples of hand-selected, visibly 
/"wsarmm-infecied kernels were analysed, significant differences in the nature and extent 
of the infection were observed. All of the sub-samples contained zearalenone (ranging 
from 1500 to tOOOO//g/kg) but the mean level of the samples from the high-incidence 
area was 5750 /ig/kg compared to 2750 ^gAg from the low-incidence area. Even larger 
differences were noted in the levels of deoxynivalenol, being 250jUg/kg and 2S00fig/kg 
in the low-incidence and high-incidence areas respectively. The authors concluded that 
before the potential threat to human health of these Fusarium metabolites in mouldy 
corn could be evaluated more detailed information was needed on their chronic effects 
and on whether any additive or synergistic effects might occur. 

Other compounds claimed to possess oestrogenic activity 

Examination of table 1 reveals additional compounds which have been claimed, 
with varying degrees of supportive evidence, to be responsible for the oestrogenic 
activity of the individual plant species shown. For example, Stob (1983) has suggested 
that the hormonal activity of carrots (Ferrando et al. 1961) may be related to the 
presence of 3-methyl-6-methoxy-8-hydroxy-3,4-dihydroisocoumarin (XXVIII, figure 
10). However, this compound was isolated from cold-stored carrots and was apparently 
absent in the freshly harvested root (Sondheimer 1957). Liale, if anything, is known 
about the effect of such storage on the uterotropic effect of this vegetable. Ancthole 
(XXIX) was suggested by Zondek and Bergmann (1938) to be responsible for the 
oestrogenic activity of essential oils of fennel and anise, but more recent physiological 
studies on this compound (Sangsier et al. 1984a, b) have not supported this. Three 
structurally related bitter acids, colupulon (XXX), lupulon (XXXI) and adlupulon 
(XXXII) have been identified in hops and proposed as the oestrogenic principles therein 
(Zenisek and Bednar 1960). 

Feldman et at. (1982) described a protein in bakers' yeast (Saccharomyces 
cerevisiae) capable of binding i7)9-oestradiol with high affinity; moreover, a chloroform 
extract of the same yeast cells was found to bind competitively to mammalian oestrogen 
receptor cells in vit/o. Subsequently the same group (Feldman et al. 1984) showed this 
extract to possess uterotropic activity. If these findings are confirmed, high priority 
should be given to the isolation and identification of the active component(s), given the 
extensive use of this material in baking and fermentation. Only when its potency has 
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Figure 10. 



been determined and its levels in food products have been "established can the full 
significance of the above findings be ascenained. 

According to Hassan a aL (1964), ^-sitosterol (XXXIU) was one of the factors 
responsible for the hormonal activity of liquorice, although this has been questioned. 
Cenainly if this and related compounds were to be confirmed as possessing sud 
activity, then their ubiquity might well explain the hormonal properties of a range of ' 
common food plants, including onion and garlic and certain vegetable oils (Booth et aL 
1960). Rather earlier. CosteUo and Lynn (1950) had tentatively identified the steroidal 
oestrogen, oestriol (XXXIV), as being present in Uquorice. The role, and indeed the 
presence, of such steroidal hormones in the plant kingdom has been the subject of 
considerable controversy (Hewitt et aL 1980). As these workers have emphasized, early 
investigations into the hormonally active principles of plants were limited by relatively 
crude means of fractionation, isolation, characterization and bioassay. ConsequenUy 
many of the initial claims for the occurrence of steroidal oestrogens in the plant 
kingdom were treated with scepticism. In 1966, Bennett et aL identified oesirone in date 
palm pollen by thin layer chromatography, and it was subsequently isolated from the 
same source (Amin et aL 1969). Pomegranate seed was claimed to be another source of 
this compound, vwth levels of 17 mgAg being reported (Heftmann et aL 1966). 

Whilst the presence of oestrone was confirmed by Dean etaL (1971), the measured 
levels were very much lower (4//g/kg). 1 7^-Oestradiol could not be detected. In other 
cases (see Hewitt et aL 1980). workers were unable to isolate . steroidal oestrogens 
from plant sources despite previous claims to the contrary. Such irreproducibiliiy, 
limitations in analytical technique and methodology and the overriding concern thai 
presence of such compounds, even when proved conclusively, might be a result of 
contamination meant that fundamental questions about the natural occurrence of such 
compounds in plants remained until recently (Van Rompuy and Zeevaar 1979), and the 
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failure of these workers lo identify steroidal ©estrogens in plant extracts using 
sophisticated modern techniques clearly identifies this area as a rewarding one for 
further interdisciplinary study. Work described in detail by Hewitt et al (1980), 
using radioisotope incorporation studies and sensitive gas chromatography-mass 
specirometric techniques, unequivocally revealed the presence of oestrone and ©est- 
radiol in French bean seedlings. 

y Residues of pesticides and insecticides may also be a source of uterotropically 
active compounds in the human diet. It has long been known that DDT and its 
analogues exhibit such activity (Fisher et al. 1952, Welch and Conney 1968) and 
recenUy Loeber and van Velsen (1984) have shown ^-HCH, an isomer of lindane and 
a component of technical HCH. to have uterotropic activity. Although very weak 
(2 X 10"^ that of 17a-eihynyloestradioI). litUe is known about the effects of long-term 
exposure to trace amounts of such compounds. 



Amongst the plants consumed by humans which have been reported to possess 
©estrogenic activity are onion, garlic, coffee, apple, parsley, sage, rhubarb, potato, 
radish, pea, cucumber, sugar beet, cabbage and mustard. These reports, originating 
from the early work of Dohm et al (1926) and Love and Love (1945). did not identify 
any of the active components, and were based upon methods of analysis which are now 
recognized to have limitations. Nevertheless it would seem desirable to re-examine some 
of these food plants using modern methods of analysis, in particular those like potato 
and cabbage, which are consumed regularly in relatively large amounts. The widespread 
use of vegetable oils also suggests that the claims that these are uterotropic be re- 
examined. Because of the evident variation in sensitivity to ©estrogens exhibited by 
different species and strains of animal it would be desirable to standardize the 

Ksrouopic assay so that results from different laboratories and on different 
mmodiiies/food plants could be more readily compared. 

Inspection of table 6. taken from Vcrdeal and Ryan (1979), would seem to suggest 
that there is little risk associated with the intake of plant oestrogens. . This is not 
necessarily the case, however, since little is known about the effects of long-term 
low-level exposure to these compounds (or their metabolites). Studies with human 
subjects would be desirable to determine whether or not normal levels of intake arc 
associated with detectable physiological changes. This might provide objective 
predictions of the nature and extent of any changes which might occur in particular 



Overview 



Table 6. Human exposure to exogenous oestrogens.* 



Source 



Estimate of possible daily dose 
(^g diethytsiilboestrol equivalents) 



Morning-after pill 
Birth control pill 

Post-hysiereciomy replacement therapy 

Post menopausal therapy 

100 g beef liver (0-5 p.p.b. diethylstilboestrol) 

100 g wheat (2 p.p.m. rearalcnonc) 

20 g (d.w.) soyabean sprouts (70 p.p.m. coumcsirol) 

100 g French beans (2-10 p.p,b. oesiradio!) 



0 03-0- 15 



50000 
2500 
500-1000 



500 
005 
0-2 
05 



* Data from Verdeal and Ryan (1979) with permission. 
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*at-risk* sections of the population. Moreover, consideration should be taken of any 
medium or long-term changes in dietary habits which might be expected to increase the 
intake of such phytoestrogens; the increasing use of vegetable proteins in general and 
soya protein in particular and the introduction of soya milk products for infant feeding 
are two such examples (Setchell et al 1984). 

The importance of metabolic studies in determining the likely oesirogenic effect 
associated with the ingestion of isoflavones and resorcylic acid lactones is obvious, lY/ 



effect depending as it does on the extent of that metabolism and the individual potencies 
of the metabolic products. The metabolism of the coumcstans should be examined and 
the activities of the major isolated metabolites determined. Further studies should also 
be conducted on equol; for example, examining its effect in vivo and in vitro. Such 
studies will obviously depend upon the availability of methods of analysis for both the 
parent compounds and the metabolites. The examination of the possible carry-over of 
resorcylic acid lactones, and metabolites, following the feeding of fusflr/um-infecied 
diets or the implanution of zearalanol as growth stimulant would be desirable using 
such methods. The possible synergistic effect of difFereni plant ©estrogens or of plant 
and synthetic oestrogens should not be discounted (Kotsonis et al 1975). 

Aneniion should be given to programmes designed to limit or reduce the intake of 
plant oestrogens, whether by judicious selection of plant varieties or the optimization 
and improvement of agronomic, storage and processing conditions. Notwithstanding 
the inherent difficulties, a detailed study of the dietary factors associated with the high 
incidence of certain cancers in Southern Africa might provide useful information as to 
the role of dietary oestrogens. Indeed, a fuller understanding of the biological basis of 
the hormonal activity of the plant oestrogens considered above, particularly in farm 
animals and primates, would seem long overdue. 

Future progress in this interesting and challenging area will largely depend upon 
the integrated efforts of workei's from a variety of disciplines, including chemists- 
biochemists, toxicologists, pathologists, food technologists and plant breeders. As sul^ 
it would seem to be particularly suitable for support from national and international 
food and health agencies. 
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INTRODUCTION 

Historically, phytoestrogens were first investigated 
when it was noted that ewes that grazed Australian 
clover pastures for prolonged periods of time be- 
came sterile. It was found that the active agents in 
the clover that precipitated sterility were estrogenic 
(1). Later a similar phenomenon was observed to 
occur in the California quail during dry years, when 
phytoestrogen concentrations in available forage 
were increased (2). 

Phytoestrogens are deftned as plant substances 
that are structurally and functionally similar to the 
gonadal steroid 17/}-estradio] (£«) or that produce 
estrogenic effects (3). There are three main groups 
of nonsteroidal dietary estrogens. Phytoestrogens 
include the isoflavones (i.e., genisiein, genistin. 
daidzein, biochanin A, formononetin, and praten- 
sein) and the coumestans (i.e., coumestrol and 4*- 
o-methylcoumcstrol). Mycoestrogens of the resor- 
cyltc acid lactone group (i.e., zearalenone and 
zcaralenol) are also commonly found (4). The struc- 
tural similarity between these substances, endoge- 
nous mammalian estrogens (Es and estrone), and 
potent synthetic estrogens (diethylstilbestrol) have 
been studied (Figure 1). Isoflavones. the monocar- 
boxylic derivatives of the i5-C flavones, and 
coumestans contain central structures of \5 car- 
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bons. Both of these groups are derivatives of 
3-pheny!chroman (Figure I) and thus may be con- 
sidered a single family of compounds (5h The fungal 
resorcylic acid lactones and endogenous estrogens 
possess central structures of 17 carbons. 

The similarity among these compounds has led 
investigators to study the possibility that phytoes- 
trogens might act on physiological processes and 
behavioral patterns to alter reproductive perform- 
ance (3). If reproductive effects occur, then these 
compounds might have a role in the evolutionary 
success of herbivores, perhaps making the differ* 
ence between survival and extinction for some spe- 
cies. It is possible that phytoestrogens, through 
mimicry of endogenous animal estrogens, function 
as defensive substances by which plants diminish 
the fertility of herbivores which feed on the plants 
(6). In effect, the phytoestrogens may be seen as 
one of the many variables determining animal fit- 
ness for survival. This argument is supported by 
noting that animal species differ in their sensitivity 
to phytoestrogens (7). Some species are relatively 
resistant to the estrogenic effects of these com- 
pounds, while others may suffer sterility as a result 
of prolonged ingestion of phytoestrogens. We have 
hypothesized that phytoestrogen-induced physio- 
logic and behavioral effects in mammals are signifi- 
cant factors in the reproductive and therefore evo- 
lutionary success of the consuming species. We 
have initiated our analysis of this broad hypothesis 
by reviewing the available data relevant to the re- 
productive and general metabolic effects of phyto- 
estrogens in mammals. 
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Pig. 1. Structure of common estrogens and phyioestro- 
gcns. The nuvjor physiological estrogen, estradiol (a), and 
the potent synthetic estrogen, dielhylsiilbesirol (b) arc 
shown Tor reference. 3-Phenyichronian (c) is ihc phytoes- 
trogen precursor compound to the coumestuns such os 
coumestrot (d) and isoflavones such as daidzein (c). 
Equol (0 is an estrogenic metabolite produced within the 
gut from other phytoestrogens of the isoflavone group. 
(Modified from: Setchell, K. D. R. Naturally Occurring 
Non-steroidal Estrogens of Dietary Origin. In: Estrogens 
in the Environment J. A. McLachlan. ed. New York: 
Elsevier Press. 1985: 69^85.) 



PHYTOESTROGEN EXPOSURE 

Sources of phytoestrogens 

Phytoestrogens are produced by numerous 
Leguminosae and grasses, including many plants 
commonly consumed by man and livestock (Table 
1). The estrogenic components are found in differ- 
ing amounts in all pans of the plant » including the 
seeds, the flowers, the leaves, the roots, and the 
fruits. Concentrations in each tissue depend on 
plant type (4.8). 

Of particular interest regarding possible human 
exposure is the presence of phytoestrogens in 
maryuana and coffee. It had long been suspected 
that the estrogenic effects of marijuana were due to 
A*'-tetrahydrocannabinoI (THC). the m^or psycho- 
active compound. Smoking of maryuana signifi- 
cantly suppresses luteinizing honnone (LH) levels 
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Table 1. Some common plants that contain 
estrogenic substances 



Alfolfa CofTee 


Oats 


Rice 


Anise Date Palm 


Orchard grass 


Rye 


Apple Fenrtct 


Palmeuo grass 


Sage 


Barley French Beans 


PonJey 


Sesame 


Btucgnus Garlic 


Pens 


Soybean 


Carrol Green Beans 


Pomegranate 


Soya sprouts 


Cherry Hops 


Poialo 


Wheat 


Clovers Liquorice 


Rape 


Ycasi 


Marijuuna 


Red Beuns 





during the human menstrual cycle and shortens 
both the menstrua] cycle and the luteal phase (9). 
Since these results agree with observations in 
ovanectomized rhesus monkeys ii\jected intra- 
muscularly (i.m.) with THC, it was assumed that 
the menstrual cycle effects of smoke inhalation 
would be exclusively due to the THC content of the 
smoke (10), However, crude marijuana extract and 
condensed marijuana smoke compete with estradiol 
for estrogen receptors in the uterus of rats, while in 
vitro studies detected no binding of cannabinoids to 
estrogen receptors (II). These findings show that 
marijuana contains estrogenic substances that may 
be affecting reproductive processes via cannabinoid- 
independent mechanisms. Furthermore, apigenin, a 
derivative of flavonoid phytoestrogens found in 
crude marijuana, is a moderately potent inhibitor of 
estradiol binding to uterine estrogen receptors (II). 
Differentiation between the suppressive effect of 
THC on LH and the estrogenic effects of marijuana 
per se remains unclear. 

Another plant product which is commonly in- 
gested for pleasure rather than nutrition is coffee. 
Like marguana, coffee contains weakly estrogenic 
constituents, evidenced by the estrogenic effects of 
increased uterine-to-body weight ratio and total 
uterine protein content following administration of 
coffee extracts by gavage (12). Ultraviolet absorb- 
ance spectroscopy suggests that whatever this 
active compound may be, it does not Mong to one 
of the three major classes of dietary estrogens (e.g., 
flavonoids, coumestans, or resorcylic acid lac- 
tones). Thus« coffee may contain an estrogen pre- 
cursor that requires metabolic activation or a struc- 
turally unrelated estrogenic compound. 

Metabolism, distribution, ami clearance 

The relative potency of a phytoestrogen de- 
pends upon the taiiget tissue, functional state of the 
target tissue, the animal species involved, and the 
route and pattern of delivery. In addition, the fami- 



I'h>litc4if\t|trn\ « H S. K \i f>\i ana r I ll(-<;ii> v Jn 



lies of estrogenic compounds that tvcur in plunts 
can be modified by metabolism within (he herbivoa* 
or even by gut flora prior to uptnkc. Dietnry iso- 
rinvone phytoestrogens undergo bacterial modiftcn- 
tion in the gnstrointcstinal tructs ofunimuls to yield 
cquol. a weak, nonslerxiidid phytocMtvgen (8J3.I4). 
Following ingestion of estrogenic plums, n tempo- 
rary 50- to 1000-fold increase in urinary cquol takes 
place, while insignificant traces of the initially con- 
sumed phytoestrogens uppcar in the urine. Note- 
worthy is that the mi^or urinary product following 
the consumption of genistein and biochunin A is 
p-ethyl phenol, and formononetin consumption 
yields both daidzein and cquol as the in^jor urinary 
products (4). Funhermore. gut microflora (14) con- 
vert daidzein to equol which in turn is absorbed and 
enters the enierohepatic circulation. Notably, it ap- 
pears that not all people have the ability to convert 
other isoflavones to equol. This may be due to the 
absence of bacteria capable of the convention of 
precursors to equol (as is the case in the sterile gut of 
newborns), the composition (subpopulations) of in- 
testinal microflora present, the intestinal transit time. 
pH. or redox potential. These factors may be influ- 
enced by diet, host immunity, medication use, etc. 

Heveptor octivity and mtemvtUm with rttJofii'tatm 

Phytoestrogens exhibit binding to endogenous 
estrogen receptors. Binding of phytoestrogens to 
estrogen receptors is supported hy the flnding that 
the larger (he dose of phytoestrogen given an or- 
ganism, the greater the displacement of bound 
tritiatied (^H) (15). It has also been reported that 
at very high dosages, all phytoestrogens exhibit 
more than 80^ comr>etitivc binding to renal tumor 
cytosolic estrogen receptors (16). The structural 
requisites for estrogen receptor binding are met by 
phytoestrogens. For example, equol possesses a po- 
tency on the order of 10 ' the estrogenic activity of 
and contains a phenyl substituent also present in 
E, and in DBS (Figure t). The substituent consid- 
ered to be a requirement for estrogenic activity is a 
hydroxyl group in the same position as the hydroxyl 
group in the benzene ring of (14), Another struc- 
tural similarity which facilitates estrogen receptor 
binding activity of equol and other phytoestrogens 
is that the distance between C-3 and C-)7 in is 
about equal to that between the two hydroxyls in 
equol. 

Considering the large quantities of phytoestro- 
gens ingested by many mammals including man. 
functionally significant estrogen receptor occu- 
pancy by phytoestrogens occurs. Since no phytoes- 



tri>gen has receptor affinity equal to that of lit and 
the degree of UNA stimiiluiion due to phytoestro- 
gens appears to be substimiiidly less than that evoked 
by tvj (H). phytiiestrogcn uctiims could be either cs* 
irogcnic or unti esirogcnic. In a rchtlivcly hypocs- 
in>gcnic individual, receptor occupancy by weak 
(exogenous) e.sir\>gcns would likely produce es- 
trogenic cffccis. while in a normally esirogenizcd 
individual, large amounts of weak estrogens might 
diminish the effective estrogenic activity by 
competition with Iw. 

RKPRODim IVK KKKKCrS IN MAMMAUS 

Phytoestrogens have been shown to influence vir- 
tually every aspect of the mammalian reproductive 
process via eftccls on the morphology and physiol- 
ogy of reproductive organs and alteration of sexual 
behavior. The changes may be reversible or irre- 
versible, depending on the duration and dose or ex- 
posure to the phytiKstrogens. 

Cvnix 

A pubertal pailem of cell differentiutiun has 
been noted in ewes rendered sterile by chronic in- 
gestion of phytoestrogens (I7>. Among these 
changes, the cervix assumes a uterine pattern. 
Folds present in the cervix fuse, resulting in loss of 
cervical crypts, and the cells of the lamina propria 
become like those of the uterine stroma. Further- 
more, glands having histochemicul reactions rem- 
iniscent of uterine glands become plentiful in the 
cervix. Such an increase in abnormal glands may be 
re*tponsihlc for the diflercnt composition which the 
cervical mucus takes in sheep with "clover dis- 
ease.*' At low phytiKstrogen dosage, the cervical 
mucus has u lower viscosity, not due to a higher 
water content, but rather due to a decreased con* 
centration of glycoprotein — the component of 
mucus that afl^oitls its consistency. The level of 
glycoprotein seems to respond to the duration of 
exposure to the phytoestrogen rather to the dosage 
of the agent. This change in the cervical mucus 
compounds the anatomical compromise of the cer- 
vix such that the cervical reservoir for sperm in the 
ewes is greatly reduced. Since sperm recovered 
from the cervices of clover-affected ewes exhibit 
decreased motility (17). it appears that the phytoes- 
trogen effect nwkes the mucus relatively * •hostile" 
in the classic sense of cervical factor infertility. 
Such spermatoxicity is not understood in general 
nor in this specific case. 

At higher phytoestrogen dosage, both higher 
volume and water content of cervical mucus are 
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observed in ewes (17.18). thus indicating that both 
cervical glycoprotein production and water excre- 
tion in the mucus are affected. 

The cervical effects of phytoestrogens likely 
depend upon estrogen receptor mediation. In ewes, 
phytoestrogen treatment increases the rate of 
protein and glycoprotein synthesis and the number 
of estrogen binding sites in the cervix, but binding 
afTiniiy remains unchanged (19). This finding im- 
plies that exogenous estrogen not only occupies the 
available binding sites, but stimulates the local pro- 
duction of more sites. Such receptor '*up-regu]a- 
tion" may make the tissue more sensitive to estrogen 
action, and. if estrogen exposure continues, the cervi- 
cal alterations would become more exaggerated. 

Uterus 

Pronounced uterine effects of phytoestrogens 
are also observed. The most notable uterine change 
that occurs is a marked increase in its weight rela- 
tive to body weight, which constitutes the classic 
bioassay for estrogen action. A dose-dependent 
uterine weight increase is prccipitnied by acute ad- 
ministration of an extract of the Indian herb/tcVo'r^f/i- 
thes aspera in rats and hamsters at contraceptive 
dosage (75 mg^g) and with as little as 1/20 this 
dosage (20). Similar results have been observed 
in mice, rats, and hamsters with only 1/40 con- 
traceptive dose of fcrujol extract (21). Stob (4) 
suggests that this hypertrophy of the uterus is the 
result of 'typical estrogenic mechanisms." imply- 
ing estrogen-receptor mediation. However, a more 
complex response to daily s.c. injection of female 
lambs with the phytoestrogen /3-sitosterol has been 
reported, in which uterine weight increases for the 
first two weeks of treatment but markedly de- 
creases over the next six-week period (22). Plausi- 
ble explanations for such biphasic results include 
receptor ''down regulation** and induction of 
metabolic eniymes with enhanced clearance of 
/3-sitosterol. Similar results were obtained using 
ovariectomized ewes as the model (23). 

Another manifestation of the uterotropic effect 
of phytoestrogens is seen in ewes suffering from 
infertility due to prolonged exposure to these 
agents. A marked increase in activity of some 
uterine enzymes and uterine DNA, protein, and 
glycoprotein synthesis occurs in such sheep (19). 
This observation indicates that at least a portion of 
the uterine weight gain is true hypertrophy rather 
than simply edema. At the same time, lower levels 
of lipids within the uteri of sheep fed phytoestrogen 
suggest inhibition of synthesis or increased utiliza- 
tion of lipids within this organ (22). Thus phyloes- 
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irogens may be affecting ditTerent enzymes in dif- 
ferent fashions, stimulating the activity of some 
while blocking the action of others. It is noteworthy 
that the uterine RNA-to-DNA ratio decrease that 
occurs following ovariectomy is smaller in clover- 
affected than in norma] ewes. This response is ac- 
companied by less regression of the uterus in clover 
affected ewes than in controls. These fmdings indi- 
cate that phytoestrogenic action may be mediated 
via differentiations similar to those induced by hor- 
monal steroids during fetal development (24). 

Gross structural lesions of the uterus may also 
result from phytoestrogen exposure and could ac- 
count for some instances of permanent sterility. 
Lesser lesions entail the proliferation of cystic 
endometrium, myometrial fibrosis, and endometrial 
fibrosis (13). These lesions could certainly com- 
promise normal implantation of the conceptus. The 
most severe structural failure, complete uterine 
prolapse, is known to occur in some species following 
ingestion of some dietary estrogens (mycoestiogens) 
and obviously disrupts the reproductive process. 

It is not clear whether phytoestrogens play any 
role in pregnancy wastage, but some plant prepara- 
tions have been used as abortifacients. Achyratithes 
nnpertu a common Indian herb claimed to possess 
abortifacient activity, did induce abortion in mice 
and rabbits, but failed to show similar effects in rats 
(20). It is uncertain whether a phytoestrogen is the 
active agent of Avhyranthes that brings about abor- 
tion, but support for that possibility derives from 
the finding that miroestrol, a phytoestrogen from a 
legume tree root, is used by Burmese and Thai 
women in plant extract form to induce abortion (25). 
The mechanism for such an abortifacient action of 
these compounds is unstudied and any effects of 
phytoestrogens on uterine contractflily per se have 
not been determined in either the gravid or non- 
gravid state. 

Phytoestrogen effects on uterine function may 
relate to alterations in activity of several enzymes. 
Under normal circumstances, oxidative enzymes in 
the uterus show slight reactions in the endometrium 
and uterine glands, but after administration of 
i9-sitostero). these weak reactions are curtailed (22). 
Such an inhibition of oxidative enzymatic activity in 
the uterine endometrium and glands may reduce 
local energy production due to an inability to re- 
plenish NAD+ and NADP+. This circumstance 
would diminish the ability of the uterus to contract 
and might decrease secretory capabilities of the 
uterine glands. 

Alkaline phosphatase in the uterine tissue of 
ewes also responds to )9-sitosterol in a biphasic pat- 
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icm. Alkaline phosphatase activity increases over 
the first two weeks of daily ^-siloslerol iryeclioas 
and decreases over the second two v^^eeks of injec- 
tions (22). This disturbance in alkaline phosphatase 
activity may alter cell permeability and transport of 
nutrients by uterine cells. 

Acid phosphatase activity in the ulcnis de- 
creases with increasing dose and lime of daily 
/3-siiosterol treatments over an eight-week span 
(22). Such an inhibition would decrease free phos- 
phorous, and may relate to the more general obser- 
vation of decreased plasma phosphorus levels in 
exposed animals. 

Uterine cholinesterase activity also decreases 
following P-silosierol treatment, as evidenced by its 
diminished activity towards acelylthiocholine (22). 
This inhibition of activity is accompanied by a 
downward shiA in sodium ion transport and de- 
creased sodium in the uterine luminal fluid. It is not 
clear whether effects on sodium transport and 
cholinesterase activity are coincidental or tnily 
associated processes in this instance. 

Ovaries 

While many anatomical effects of phytoestro- 
gens have been described^ physiologic changes in 
the reproductive tract arc more subtle, but perhaps 
more consequential. Ovarian cyclicity may be dis- 
rupted by phytoestrogen exposure in mammals and 
birds (2.14,25,26), but interruption of ovulation due 
to short-term phytoestrogen ingestion is reversible 
(26). It is plausible that human vegetarians may 
have ovulatory dysfunction but suffer no other 
obvious physiologic abnormalities due to their 
diets (14). Abnormalities of ovulation may be due 
to direct ovarian actions since administration of 
/5-sitosteroUo ewes inhibited follicular development 
and altered the size distribution of follicles (22). 
Follicles were observed to show degeneration with 
inirafollicular hemorrhage and the development of 
shrivelled oocytes with lipid inclusions. The sug- 
gestion of a direct ovarian action of phytoestrogens 
in perturbing follicular maturation may be sup- 
ported to some extent by a study which showed that 
in rats intraperitoneal administration of an extract 
from a plant species known to contain high concen- 
trations of phytoestrogens inhibited follicular mat- 
uration (26). Obviously, these studies cannot distin- 
guish between direct ovarian and indirect effects on 
follicular growth. 

More direct evidence that the follicle may be a 
site of phytoestrogen activity derives from in vitro 
cultures of bovine granulosa cells. In this system, 
lower dosages of genistein and biochanin A in- 



creased progesterone synthesis while higher dos- 
ages inhibited progesterone synthesis (27). Since 
progesterone is essential in the establishment and 
maintenance of pregnancy, such an inhibition of 
progesterone production would be u plausible ex- 
planation for both failure of conception and early 
pregnancy wastage. 

The possibility that phytoestrogens might be 
toxic to oocytes or eariy embryos was suggested in 
a single study (7). Mice fed coumestrol and then 
mated produced degenerate embryos exhibiting un- 
evenly distributed cytoplasm and lack of symmetry 
in size among blastomeres. suggesting alterations in 
cleavage rates. Extensive vacuolization found in the 
ova also suggests that failure of fertilization of these 
ova may account for part of the observed decrease 
in litter size in mice fed coumestrol. 

The activities of two ovarian enzymes appear 
to be influenced by phytoestrogens. First, low 
doses of phytoestrogen inhibit 17.20-Iyase in bovine 
granulosa cells (27). This effect could profoundly 
alter the pattern and capacity of the steroidogenic 
pathways within the follicle or corpus luteum. The 
precise mechanism by which this effect occurs is 
unproven. Second, alkaline phosphatase in the 
ovaries is affected by phytoestrogen exposure (22). 
While the overall alkaline phosphatase activity is 
about equal in the ovaries of /8-sitosterol-ireated 
and control ewes, the control ewes show an intense 
reaction in the zona pellucida with a weak reaction 
in the interstitial tissue. Treated ewes exhibit an 
opposite response. Thus, a reversal of activities is 
seen where phytoestrogen is acting both to stimu- 
late and to inhibit the same enzyme in two dirfercni 
sites within the ovary. While a mechanism for this 
action is not known, such changes in the activities 
of ovarian enzymes might compromise ovulation 
and increase the incidence of follicular degeneration 
in animals treated with phytoestrogens. 

CNSIpltuUary 

Some phytoestrogen effects on ovarian func- 
tion appear to result from indirect action on the se- 
cretion of gonadotropic hormones (7). In this con- 
text, there are four possible mechanisms of 
phytoestrogen action: I) they art E, agonists, 2) 
they are Ea antagonists, 3) they act as both Es 
agonists and antagonists, and 4) they act in a nones- 
trogcnic capacity. Available information best sup- 
pons the third of these possibilities (mixed 
agonist-antagonist effects). The site of phytoestro- 
gen action could be the CNS (especially hypothala- 
mus), the pituitary, or the gonad (see previous sec- 
tion). 



W RepnNiudivc 1 'oitctilugy 

The effcci of iniraperiioneal injeciion of 
phytoestrogcn-rich D'tcjjenbtwliia amoena cxiraci 
in rats on LH» follidc-siimulating hormone (FSH). 
prolactin (PRL), progesterone, and E, have been 
studied (26). In treated rats, levels of LH, FSH, and 
progesterone increased for doses of 2.5, 5.0. and 
10.0 mg/kg of extract, while (he levels of PRL and 
E, decreased at the same dosages. Progesterone 
levels showed a biphasic response, increasing at 
low doses of the extract (26), bul decreasing at 
higher doses (27). Since no obvious single mech- 
anism would explain aJI of these pituitary and ovar- 
ian hormonal changes, the extract may contain 
more than one endocrlnologically active substance, 
or more than one site or mechanism of action might 
be involved. 

There are data to suggest that phytoestrogens 
act both at CNS and pituitary levels to alter 
gonadotropin secretion. In both ovariectomized 
ewes (23) and intact clover-affected ewes (17). the 
best explanation for the impairment of gonadotropin 
secretion was a hypoihafamic/CNS action, in par* 
licular, in cloyer-afTcctcd ewes, an LH surge could 
not be elicited by exogenous E, administration 
(consistent with loss of positive feedback), bul the 
LH secretory response to exogenous gonadotropin- 
releasing hormone was normal (17), suggesting no 
pituitary effect. Our own data (28) show that acute 
phytoestrogen administration can alter GnRH-in- 
duced LH secretion in ovariectomized rats and thus 
suggest that the pituitary may be a site of phytoes- 
trogen action in other situations. 

Interactions between reproductive elTecls of 
phytoestrogen exposure and photoperiod in sea- 
sonal breeders have been investigated. In normal 
intact ewes, the frequency of LH pulses and pUsma 
LH concentration are higher during breeding season 
than during anestrus season. In clover-diseased 
ewes, the frequency of LH pulses and LH concen- 
tration during breeding season are nearly the same 
as in normal ewes. In contrast during anestrus sea- 
son, these LH pulse parameters remain at the high 
level of breeding season in clover-afTecied ewes, 
rather than decreasing as in normal ewes (18). 
These results suggest that a dissociation of nomial 
photoperiod controls from the LH pulse generator 
may result from prolonged phytoestrogen exposure. 

In ovariectomized ewes given estradiol im- 
plants, LH pulse frequency and amplitude vary sea- 
sonally, rather like the pattern seen in intact ewes. 
This seasonal variation in LH pulse frequency in 
ovariectomized ewes could depend upon exira- 
oyarian steroids from the adrenal glands, other in- 
trinsic photoperiod-dependem CNS functional 
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changes, or dietary estrogens. Results from one 
study suggest that dietary coumestrol decreases the 
amplitude of LH pulses but fails to affect the fre- 
quency of LH pulses or FSH concentrations during 
the breeding season (23). During anestrus, coumes- 
trol docs not alter any of these variables. Thus, 
coumestrol could only be partially responsible for 
the seasonal decrease in LH pulse frequency in 
ewes. 

iV,rf/fl/ hehavhr 

Changes in sexual behavior due to phytoestro- 
gen exposure parallel the known physiologic ef- 
fects. Clover-diseased ewes are slower than normal 
ewes to exhibit estnis behavior in response to either 
a single or several daily doses of E, (17,29.30). Ac- 
companying the delayed esirus is a retarding of the 
Rrst mount of the ewes by the ram. although the 
number of days on which the ewes allowed the ram 
to mount them does not significantly differ from 
controls. A delay of estrus in mice fed coumestrol 
also occurs (7), implying an antiestrogenic effect. 

Apparent defeminization of the sexual behavior 
response following consumption of phytoestrogens 
is displayed by clover-affected ewes. These ewes 
show aggressive behavior, such as challenging and 
head bunting of rams and other ewes, sooner than 
control ewes following administration of testos- 
terone (17). At the same time the ewes are slower in 
showing female behavior, such as standing to be 
mounted by a ram. Furthermore* clover-affected 
ewes exhibited less soliciting behavior than nor- 
mals. However, the number of ewes that stood to be 
mounted decreased equally over the Hve^week 
period during which daily testosterone iryections 
were given (30). Relative to controls, clover- 
diseased ewes exhibit a significantly greater degree 
of courting behavior 28 but not 21 days following 
treatment with testosterone. Other courting behav- 
iors that are less hormonally dependent, such as 
anal and genital sniffing by the ewes, are not altered 
(17,30). While mechanisms for these behavioral ef- 
fects are not known, we do know that females and 
males have similar numbers of estrogen binding 
sites in the hypothalamus, but estrogen-receptor 
complexes appear to have shorter nuclear acceptor 
occupancy in males than in females (31). Behavioral 
changes in clover-affected ewes could result from a 
change as simple as a decrease in nuclear acceptor 
occupancy by estrogen-receptor complexes. 

E, causes a dose-dependent increase in the in- 
cidence and duration of hormonenlependcni behav- 
iors in ewes (Table 2). whereas has no effect on 
hormone-independent behaviors (30). The E,- 
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Table 2. Eslradiol-dependentand HRdepemlcnt behaviors 
in ewes 

Honnonc-dependeni Homionc-indcpcmleni 
behaviors bchAvtors 

Active soliciting Squatting 
Standing for mounting Looking over shoulder 

Allowing ram to mouni Toil fanning 

Kicking 



induced behaviors occur less in phytoestrogen- 
affected ewes than in normals, while Et independ- 
ent behaviors occur with equal frequency in con- 
trols and clover-diseased ewes. Since general be- 
havior appears normal but female sex-speciftc be- 
havior is compromised in phytoestrogen-treated 
ewes, reproductive success could be compromised 
on a behavioral basis. The relationship of phyto- 
estrogen-induced anatomic changes in the external 
genitalia and sexual behavior is not defined, but coi- 
tal biomechanics could be altered as a result of such 
end-organ effects. While vulvar and vaginal hyper- 
trophy has been noted in various animals, mas- 
culinization has been observed in ewes (17) with 
clitoromegaly and fusion of the ventral commissure. 
Upon removal from estrogenic pasture, these 
changes do not reverse and could, therefore, per- 
manently alter sexual function. 

Phytoestrogenic effects in males appear to be 
consistent with expectations for exogenous admin- 
istration of bioacttve estrogen. Coumestrol in- 
creases teat length in wethers (23) and stimulates 
mammary hypertrophy in intact males. Rams 
grazed on estrogenic clover have reduced sperm 
counts (14), but it is not clear whether fertility is 
affected. 

GENERAL METABOLIC EFFECTS IN 
MAMMALS 

Protein synthesis 

Some data suggest that phytoestrogens affect 
levels of plasma proteins. The effects of /3-sitosterol 
on plasma concentrations of albumin, alpha- 
globulin, beta-globulin, gamma-globulin, and fit>- 
rinogen have been studied (32). Normal functions of 
these proteins are indicated in Table 3 (33). Even 
though total plasma protein concentration in mice is 
unaffected by s.c. administration of ^-sitosterol, 
daily 25 to 100 ^g injections of the agent increase 
four of the plasma proteins, but significantly de- 
crease the gamma-globulin complex. The mech- 
anisms of action of phytoestrogens in this system 



Table 3. Plasma protein fractions affected 
by ^-sitosterol* 



Protein 


Function 


Effect of 
^•Siiosterol 


Serum albumin 


Regululiott or btood 
volume; transpon of 
Tatty acids 


Increase 


Alpha-gbbulins 


Transport oflipids* 
thyroxine, adrenal 
cortical hormones, 
and copper 


Increase 


Beta-globulins 


Transport of tipkls. 
Iron, and hemes 


Increase 


Gamma-globulins 


Act us most of the 
circulating 
antibodies 


Decrease 


Fibrinogen 


Precursor to fibrin 
of blood clots 


Increase 



*(See reference 32). 



are not established. It is likely that the phytoestro- 
gens stimulate hepatic protein synthesis but inhibit 
production of gamma-globulins by lymphoid tis- 
sues. It is possible that the increased alpha-globulin 
concentration is a compensatory occurrence to 
erythrocyte count reduction that occurs following 
administration of /3-sitostcrol. thereby maintaining 
normal blood viscosity in the absence of normal 
erythrocyte concentration. The increase in the beta- 
globulin-fibrinogen complex appears to be correlated 
with its affinity for binding phosphorus. This affinity 
increases in response to /3-sitosleroI (32). 

Enzyme activity of the liver 

Phytoestrogens influence enzymes in non re- 
productive as well as reproductive tissues. A relation 
between diet and synthesis of three enzymes in the 
liver of cheetahs has been shown. The affected 
enzymes, alanine aminotransferase, aspartate ami- 
notransferase, and gamma-glutamyltransferase, de- 
crease in amount when cheetahs are taken off a diet 
high in soya bean content (thus high in phytoestro- 
gen content) and given a chicken diet (13). 

Inorganic plasma constituents 

Phytoestrogens induce mineral changes in the 
blood. Subcutaneous injections of 25, 50, 75, or 100 
/xg of /^-sitosterol increase calcium levels in mice, 
while doses of 5 or 10 /xg of the phytoestrogen have 
no effect on calcium levels (34). Since £» inhibits 
bone mobilization, /3-siiosteroI may act by causinga 
decrease in Ea levels via inhibition of gonadotropin 
secretion from the pituitary. Decreased ovarian £« 



88 



Keproductivc Toxicology 



Volujnc i. Number 2. 1989 



production might then result in increased bone 
mobilization and increased serum calcium. Surpris* 
ingly, blood plasma phosphorus levels decrease fol- 
lowing administration of 5 to 75 doses of 
/3-sitosterol in mice, but show little change in re- 
sponse to a 100 dose (34). Decreases in phos- 
phorus could be due to an enhanced rate of storage 
in an extravascular compartment, increased utiliza- 
tion of phosphorus by tissues, or increased renal 
clearance. 

While jS-sitosterol doses of less than 5 Mg fail to 
change plasma magnesium levels, higher doses de* 
crease plasma magnesium and increase both hepatic 
and inlramuscuJar magnesium (34). Since mag- 
nesium is a smooth muscle relaxant, changes in 
uterine or tubal smooth muscle motility could result 
indirectly from this phytoestrogen action. 

PHYTOESTROGENS IN HUMAN DISEASE 

Delefcrhiis roles 

Phytoestrogens have been suggested to play 
both deleterious and beneficial roles with regard to 
illness. In the diets of cheetahs, phytoestrogens 
cause vascular hepatic lesions, in which the cen- 
iriiobular and sublobular hepatic veins are partially 
or totally occluded (13). The possibility of human 
hepatic dysfunction must therefore at least be con- 
sidered. 

Vascular disease may be correlated with the 
consumption of dietary phytoestrogens (35). Coro- 
nary heart disease has been suggested to be associ- 
ated with phytoestrogens consumed indirectly 
through the milk of cows; that is, the lactating cow 
consumes the phytoestrogens while grazing and. in 
turn, phytoestrogens in cow's milk are consumed 
by hunmns. One basis for this proposal is that 
phytoestrogens have more structural similarity to 
DES, a potent synthetic estrogen found to have 
atherogenic properties, than to endogenous estro- 
gens such as Es. The higher rate of coronary heart 
disease in human males might be explicable in part 
if human females are found to be better able to 
metabolize and excrete phytoestix^ens. 

Dietary estrogens could be a factor in cancer 
mitiation in hormone responsive tissues, but no 
such instances have been dcmonsimted. Certainly 
phytoestrogens bind to both rat and human mam- 
mary tumor tissue and show competitive binding for 
mammary tissue E, receptors (15) raising the 
possibility of stimulation of csiiogen-dependeni 
neoplasms. 

Beneficial rohs 

Estrogens have two opposing effects on 



cancer, depending on dosage. Large doses inhibit 
breast cancer tumor development and suppress 
growth of tumors already present, but small doses 
seem to promote tumor development and stimulate 
growth (36). This duality extends to phytoestro- 
gens. Phytoestrogens may stimulate or inhibit 
tumor growth (8.14). One mechanism by which 
phytoestrogens may manifest their antitumor ef- 
fects is blockade of estrogen receptors and uncou- 
pling of receptor-mediated response. Thus the abil- 
ity of endogenous estrogens to support tumor 
growth would be reduced. Indirect demographic 
support for a phytoestrogen-mediated reduction in 
cancers of hormone-responsive tissues might derive 
from the observation that women in countries con- 
suming vegetarian diets have a lower incidence of 
breast cancer than in societies where a meat and 
vegetable diet is consumed (37). 

Phytoestrogens may have antiviral and fungicid- 
al properties (37), but a mechanism is not known. 
Support for the notion that this group of compounds 
could have such properties may lie in noting that the 
antifungal drug, ketaconazole. is also a potent in- 
hibitor of some steroidal enzymes. 

Plant estrogens have been implicated in the re- 
duction of semm cholesterol levels in humans and 
animals with hypercholesterolemia. Such action is 
likely related to the role estrogens play in the me- 
tabolism and interaction of lipoproteins with regu- 
lation of cholesterol (8). 

A final beneficial phyioestrogenic effect is al- 
leviation of vasomotor symptoms in menopausal 
women. Historically the Chinese have used herbal 
medicine to treat **hot flushes." These herbal medi- 
cations work as well as Premarin (an equine coiyu- 
pted estrogen) in the mitigation of these symptoms 
in women with natural menopause (38). Similarly, 
the mycocstrogen, zearalanol. has been reported to 
reduce the incidence of hot flushes in women with 
surgical menopause (4). These effects would be 
consistent with the expected estrogenic properties 
of these compounds. 

CONCLUSfON 

Phytoestrogens influence mammalian repro- 
ductive processes and can thereby compromise the 
reproductive success of individual mammals and 
possibly function as a selective environmental fac- 
tor for populations. While phytoestrogens have a 
few propitious effects, the m^oriiy of the effects 
are nocuous. These compounds act through their 
similarity to endogenous estrogens and compete 
with the endogenous estrogens for binding sites. 
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Short-term effects of phytoestrogens seem to result 
from their mixed agonist-antagonist effects on 
estrogen-mediated processes in mammals. Since 
long-term exposures c&n produce persistent, even 
permanent anatomic, physiologic, or behavioral 
changes, phytoestrogens must affect the differ- 
entiation of some reproductive tissues and irrever- 
sibly alter the integration of mammalian reproduc- 
tive processes in susceptable species. 
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Chen kommt es jedoch zu einer volistandigen Down- 
Regulation der enisprechenden Rezeptoren in der 
Hypophyse und damil zu einer chemischen Kastra- 
tion (Abnahme der Testosteronproduktion und Sper- 
miogenese). 

Indikationen. Die synthetischen Gonadoliberine sind 
zur palliativen Behandlung des fortgeschrittenen 
Prostatakarzinoms indiziert. Goserelin kann darOber 
hinaus auch beim Mammakarzinom gegeben wer- 
den. 

Dosierung. Von Buserelin gibt man 7 Tage lang 3mal 
taglich (in achtstundigen Abstanden) 0,5 mg s.c. Da- 
nach wird auf nasale Applikation umgestelk (3mal 
taglich vor und nach den Mz^h\XtT\ je 0,1 mg in je- 
des Nasenloch). 
Goserelin steht als Implantat zu 3.6 mg zur VerfU- 
^ung, das Dosierungsintervall betrSgt 28 Tage. Von 
^^uprorelin und Triptorelin werden taglich 0,2 mg 
bzw. 0,5-1 mg s.c. injiziert, 

Nebenwirkungen. Vorteilhaft im Vergleich zur Be- 
handlung mit Oestrogenen (s.u.) ist die geringere (bis 
fehlende) Feminisierung und das erniedrigte Risiko 
kardiovaskularer Komplikationen. 

Zu Beginn der Therapie des Prostatakarzinoms 
muB bei Patieriten, die vorher nicht mit Hormonen 
behandelt wurden; infolge des voriibergehenden An- 
stiegs des Testosteronblutspiegels mit einer Verstar- 
kung der Tumorsymptome, meist mit vermehrten 



Schmerzen im Bereich der Knochenmeiasiasen, ge- 
rechnei werden, Diesen kann durch die voriiberge- 
hende Gabe- von Antiandrogenen (s. S. 680) vorge- 
beugt werden. 

Als weitere unerwOnschte Wirkungen im Verlauf 
der Behandlung treten bei sehr vielen Patienten St6- 
rungen der Libido und/oder Impotenz sowie in etwa 
40% der FSiie Hitzewallungen auf. Ferner kann es zu 
Haut- und Schleimhautveranderungen kommen. 



10.5.2 Qestrogene und Antioestrogene j 



IQ.5,2.1 Oestrogene J 

Qestrogene wurden beim Prostatakarzinom frQher 
viel verwendet, da durch Oestrogengaben das Tu- 
morwachstum verzogert und die Metastasenbildung 
gehemmt werden. Gleichzeitig werden die Schmerzen 
gelindert. Wegen gehaufter kardiovaskularer Kom- 
plikationen unter der Oestrogentherapie sowie infol- 
ge der Einfahrung von Gonad oliberin-Analogen und 
Antiandrogenen wird die Indikation zur Gabe von 
Oestrogenen bei der Behandlung des Prostatakarzi- 
noms heute zuruckhaltender gestellt. Eine einmal be- 
gonnene Oestrogenbehandlung mufl ohne Unterbre- 
chung als Dauertherapie durchgefohri werden. 

Daneben haben sich Oestrogene auch in einigen 
Fallen beim Mammakarzinom nach der Menopause 



Pyr-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 
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a 
2 

o £ 
§1 
5^ 



322 



Gonaden 



an den beschr.ebenen zykUschen Veranderungen teil 
Bedeutsam .s. aber. daO sich im Verlaufe des Zyk us 
die Konsislenz des Zervixschleime, Under,. Kurz vo 

kung t>n, yer/lass,gung des Schleimes ein. die zm 
Z« der Ovulation ihren HShepunkt erreicht. Der 
Schleim w,rd .spinnbar". d.h. er laCt sich zu langen 
Faden ausziehen und ist fflr Spermien' leicht durch- 
gangig. Unter derii Ein/l^fi von Progesteron wird der 
ScAfam ,n der 2. Zyklusphase wieder zUhJlOssiger 
und behindert die Spermienpassage. 

Dysmenorrhoe. Eine Dysmenorrhoe liegt vor, wenn 
Frauen wahrend der monatliciien Kegel ernsthaft be- 
eintrachtigt werden und ihren beruflichen oder haus- 
hchen Aufgaben mcht voll nachkommen kOnnen 
Man unterscheidet eine primSre von eiher sekunds- 

Dysmenorrhoe 

md die Menstruationsblutungen von Anfang an 
f ierzh^'. bf der sekundaren Dysmenorrhoe .ri.t 
die Schmerzhaftigkeit erst in spSteren Jahren auf 
Lokale dysmenorrhoische Beschwerden auBern sich 
m ziehenden Schmerzen in, Racken oder Unterleib 
die sich b.s zu heftigen Koliken steigem kfinnen. Da- 
neben klagen die Frauen Ober allgemeines Unwohl- 

hI!);h T'"*"'^'''"' Kopfschmerzen. Reizbarkeit. 

nerzklopfen u.a. 

Als Ursachen fUr eine Dysmenorrhoe kommen En- 
dometriose, EntzUndungen oder Tumoren der Ge- 
TrZTl ^•=^''^"'''^•'6 Dysmenorrhoe). pramen- 
sm.elle Auflockerung des Beckenrings (statisch be- 
dmgte Dysmenorrhoe) oder psychische Faktoren. 
Z.B. unerfullter Kinderwunsch, berufliche Enttau- 
schungen usw. (psychisch bedingte Dysmenorrhoe). 
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Abb. 2-19. Zeiiraum des Klimakteriums 



Amenorrhoe Unter einer Amenorrhoe versteht man 
das Ausble,ben der Regelblutung. Eine primSre 
Amenorrhoe liegt vor, wenn nach vollendetem 18 
Lebensjahr noch keine Menarche (erste Regelblu- 
tung) emgetreten ist. Von einer sekundaren Ame- 
norrhoe vvird gesprochen. wenn Menstruationen zu- 
nachst erfolgten. dann aber langere Zeit ausbleiben 
Ferner muB zwischen eintr physiologischen und eine 
dj^s/unknonellen Amenorrhoe unterschieden wer' 

Eine physiologische Amenorrhoe tritt wahrend der 
Schwangerschaft. im Woehenbett und in der Stillzeit 

Haufigste Ursache einer' dysfunktionellen Ame- 
norrhoe ist eine Ovarialinsuffizienz. Die StOrung 
kann dabei sowohl im Hypothalamus-Hypophysen- 
iysiem als auch in den Ovarien selbst llegen 



Klimaktenum. wahrend des Klimakteriums. den 
sog. IVechseljahren. d. h. in der Obergangsphase vo^ 
der vo ,en Geschlechtsreife in das Senium (s. Abb 
8 2-19), stellen d.e weiblichen KeimdrUsen ihre 
Funkuon em. Diese eriischt in, Mittel mit 49±3 Jah- 
ren. Zunachst werden die Menstruationsblutungen 

Celbkftrperbildungen bleiben aus. Entsprechend dem 
massiven Abfall der Oestrogen- und GestagenspieS 
steigt far einige Jahre die GonadotropinausschEg 

Als Menopause wird der Zeitpunkt der letzten 
Menstruation, als PrUmenopause der Zeitraum drei 

Jahr^T'i,'i"\t ^^'""^"oP'-yse der Zeitraum 7 
Jahre nach der Menopause bezeichnet 

Bei etwa zwei Drittel der Frauen ist das Klimakte- 
nura m.t Beschwerden, den sog. klimakterischen 
Ausfallserschemungen. verbunden. Diese beruhen 
vor al^m auf dem Ab/all der Oestrogensekretion. 
Sie aufiern sich in Form von 

□ ^^foUven Smptomen (Hitzewallungen. Schwin- 
del, Tachykardien, Schwitzen u.a.). 

o psychischen Symptomen (AngstgefUhlen. depressi- 
ver Verstimmun&.;^_h6hter Reizbarkeit, Konzen- 
trationsschwache u-a.) und 

o meiabolischen Dysjunktionen (Osteoporose, Hy- 
perhpoproteinamien, Hautatrophie u.a.). 

Durch zyklusgerechte Substitution mit Oestrogenen 
und Gestagenen ist eine wirksame Therapie dieser 
Beschwerden mOglich. Besondere Bedeutung kommt 
dabei der Prophylaxe der Osteoporose zu 



2.8.1.3 Hormonale Sleuerung von 

Schwangcrschaft, Geburt und Laktafion 



Hat die Befruchtung eines Eies stattgefunden, grabt 
es sich mu Hilfe proteolytischer Enzyme in das En- 
dometrium em und wachst zum Embryo heran. Die 



Ovarien 
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Ernahrung des Embryos erfolgt uber die P/azenta, 
die gleichzeitig eine hormonale Steuerfunklion Uber- 
nimmt. Fiir diese Aufgabe sind zwei Hormone zu- 
standig: das Choriongonadotrophin (HCG = Hw- 
man-Choriongonadotrophin), das vorwiegend in den 
ersten Schwangerschaftsmonaten gebildet wird, und 
das Chorionmammoiropin {CS -^ Chorion-Somato- 
mammotropin), das u.a. die BrustdrUsen beeinfluCt 

(S.U.). 

Unter dem EinfluB der Plazentahormone kommt 
es zu einer Vergrdfterung des Corpus iuteum, das im 
ersten Monat einen grofien Tei! des Ovars einnimmt. 
Die Oestrogen- und Progesteronspiegel bleiben hoch. 
Daher wird das Endometrium nicht abgestoOen: Die 
Menstruation bleibt aus. '<§^^gen Ende des ersten 
Schwangerschaftsmonats bildfeit sich das Corpus lu- 
teum zurUck. Zu diesem Zeitpunkt hat die Ptazenta 
selbst die Oestrogen- und Progesteronbiidung aufge- 
^)mmen, die far die Erhaltung der Schwangerschaft 
erforderlich sind. 

Fiir die AuslOsung des Geburtsvorganges werden 
verschiedene hormonale Faktoren verantwortlich ge- 
macht, u.a. Abfall des Progesteronspiegels. Steige- 
rung der Oxytocinabgabe, Anstieg der Plasma-Pro- 
staglandine. Welchem Faktor die entscheidende Be- 
deutung zukommt, ist z. Zt. noch ungeklart. 

Die Laktation (Milchproduktion und -sekretion 
der Brustdrtise) wird eben falls hormonal gesteuert. 
Wahrend der Schwangerschaft bilden sich unter dem 
Einflufi der erhdhten Oestrogen- und Gestagenspie- 
gel unter Mitwirkung von Chorionmammotropin die 
distalen Alveolen undLobuli der Brustdruse aus. Die 
nach der Geburt einsetzende Milchproduktion wird 
durch Prolactin stimuliert. Die Milchfreisetzung 
schlieBlich erfolgt, ausgelost durch den Saugreiz, un- 
ter Vermittlung von Oxytocin (s. S. 331 f.). 



2.8.1.4 Oestrogene (Estrogene, FoUikelbormone) 



Die Oestrogene unterscheiden sich von den anderen Stero- 
idhormoncn grundsatzlich durch ihren aromatischen Ring 



A, An der phenolischen Hydroxylgruppe in 3-SteUung ist 
eine Salzbildung und damii die chemische Abirennung der 
Oestrogene von den ubrigcn Sexualhormonen mOglich. Auf 
diese Weise gelang es 1929 Doisy und Butenandt gleichzei- 
tig und unabhMngig voneinander, als erstes Steroidhormon 
Oestron in kristalHsierter Form zu isotieren, Schon drei 
Jahre spater wurde durch Butenandt auch dessen Konstitu- 
tion aufgeklart. 

Das wichtigste in den FoUikelepithelien produzierte 
oestrogene Hormon ist Oestradtol (Estradiol). Dane- 
ben wird Oestron (Estron) gebildet. 

Oestrogenwirkungen. Oestrogene, also vor allem 
Oestradtol, sind in der Hauptsache Wuchsstoffe, die 
auf die Geschlechtsorgane einwirken. Sie fdrdern das 
Wachstum der weiblichen Sexualorgane und prdgen 
die sekundSren weiblichen Geschlechtsmerkmale. In 
der Pubertat bewirken sie den SchluB der Epiphysen- 
fugen im Knochen und damit die Beendigung des 
tUngenwachstums, Unter dem EinfluB der Oestroge- 
ne fmdet auch der Aufbau der Uterusschleimhaut 
und die Bildung der Endometriumdrusen in der Pro- 
liferationsphase statt. Die Viskositat des Zervikalse- 
krets wird erniedrigt. Fiir das Sexuaherhalten der 
Frau scheinen die Oestrogene von untergeordneter 
Bedeuiung zu sein. 

Oestrogene besitzen auBerdem eine schwache ana- 
bole Wirkung und vergrOjiern die subkutanen fettde- 
pots. Wachstum und Talgproduktion der Talgdrusen 
werden verringert. Oestrogene steigern ferner die 
Calcium-Resorption und die Einlagerung von Calci- 
um in den Knochen, Der periphere GefSBwiderstand 
in den kleinen Gefaflen wird verringert. Insbesondere 
in heheren Dosen fuhren Oestrogene zu einer Reten- 
tion von Natriumchlorid und Wasser. 

Biosynthese. Oestrogene werden aus Androgenen, 
insbesondere aus Testosteron und Androstendion (s. 
S. 335 f.) gebildet. Ein wichtiger Schritt hierbei ist die 
oxidative Entfernung der C-19-Methylgruppe durch 
einen Multienzymkomplex mit Aromatisierung des 
Ringes A. Bei Frauen im gebSrfahigen Alter betragt 
die Oestrogensekretion - abhangig von der Zyklus- 
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phase - 25 bis 100 ng pro Tag. Im Klimakterium failt 
die Oestrogen-Sekretionsrate auf 5-10 taglich. 

Kinelik. (Injiziertes) Oestradiol besitzt eine Plasma- 
halbwertszeii von etwa 50 Minuten. Oestradiol und 
Oestron unterliegen vor allem in der Leber einem 
vielfaltigen Metabolismus durch Hydroxylieningen 
und Dehydrierungen sowie Konjugationen mit akti- 
vierter Glucuronsaure sowie aktivem Sulfat. (Der 
First-pass-Effekt von oral appliziertem Oestradiol 
beiragt iiber 90%!) Ein Metabolit, der noch ihera- 
peutisch genutzt werden kann und vor allem lokal bei 
VerSnderungen im Genitalbereich eingesetzl wird, ist 
Oestriol (Estriol; OeKoIp®, Ortho-Gynest®, Ov- 
estin®). Bei Frauen im Klimakterium werden auBer- 
dem konjugierte Oestrogene, die bei der Magen- 
Darm-Passage im Dickdarm dekonjugiert werden, 
verwendet. 

Depot- und oral wirksame Oestrogene. Wegen der 
nur kurzen Wirkungsdauer bei parenteraler Applika- 
tion und der geringen Wirksamkeit nach oraler Gabe 
wurden Oestradiol-Derivate entwickelt, die langer 
bzw, besser oral wirksam sind. 

Eine ISngere Wirkungsdauer besitzen Oestradiol- 
Ester (Tab, B 2-9), die nach intramuskulSrer Injek- 
tion langsamer resorbiert und abgebaut werden. 

Estradiol-valerat wird auOerdem oral angewandt. 

Wird an C-17 eine Ethinylgruppe eingefuhrt, er- 
halt man Ethinylestradiol, das in der Leber nur lang- 
sam inaktiviert wird und daher oral gut wirksam ist. 
Ethinylestradiol und sein 3-Methylether (Mestranol) 



gehoren zu den am haufigsten verwendeten Oestroge- 
nen, Ein Analogpraparat ist Quinestrol (Estrovis®). 

Oral wirksam sind auch totalsynthetisch gewonnenc Oestro- 
gene, z.B. Diethylstilbestrol, die kein Sleroidgerust mchr 
besitzen und nur noch entfernt mit den natOrlichen Hormo- 
nen verwandt sind. Sie weisen ahnliche pharmakologische 
Eigenschaften wie Oestradiol auf. Da jedoch in einer Reihe 
von Fallen Genitalkarzinome bei Frauen beobachtei wur- 
den, deren MUtter zur Erhaltung der Schwangerschaft bei 
drohendem Abort hochdosiert und tiber langere Zeit Di- 
ethylstilbestrol erhalten hatten, wurden die meisten Di- 
ethylstilbestrol enthaltenden Praparate aus dem Handel ge- 
zogen. Nur Diethylstilbesterol-diphosphai (Fosfestrol, s. S. 
678) wird noch zur Behandlung des Prostatakarzinoms ver- 
wendet. 

Indikatlonen. Oestrogene sind indiziert bei 

□ Hypoplasie des Uterus und dessen Folgeerschei- 
nungen (z. B. Dysme^qr/hoe), 

D alien Formen der Ovarialinsuffizienz, vor allem 
nach operativer oder RSntgenkastration, 



Tab. B 2-9. Oestradiol-Ester 



Chemische 


Handelspraparal 


Kurzbezeichnung 


(Eingetragenes Warenzeichen) 


Estradiol-benzoat 


Progynon B oleosum 


Estradiol-valerat 


Progynon Depot, 




Progynova 


Estradiol-undecylat 


Progynon Depot (zur Therapie 




des Prostatakarzinoms) 



D Oestrogenmangel im Klimakterium (s.o.), 

□ primHrer und sekundHrer Amenorrhoe in zyklusge- 
rechter Anvvendung und in Kombination mit Ge- 
stagenen, ferner 

a zum prim&ren (Laktationshemmung) und sekun- 
dUren (LaktationsunterdrQckung) Abstitlen. 

Bedeutung hai die Oestrogenbehandlung auch beim 
Prostatakarzinom sowie beim Mammakarz'mom 
nach der Menopause erlangt. 

Dosierung. Die Dosierung erfolgt individuell und ab- 
hangig von der Indikation. 

Zur Oestrogensubstitution, z.B. im Klimakterium 
Oder nach Ovarektomie, kann Oestradio! nicht nur 
oral (z.B. Oestradiol-valerat A^%^m% taglich), son- 
dern auch - wegen Umgehung des First-pass-Effektes 
- in sehr viel niedrigerer Dosierung (25-100 jig pro 
Tag) transdermal appliziert werden. 

^^^end zahlreiche Oesirogenmangel-bedingte Beschwer- 
den, z.B. Hitzewallungen, durch beide Applikationsarten 
gebessen werden kOnnen, ist bei transdermaler Anwendung 
im Gegensatz zur oralen Gabe die Osteoporose-prophylak- 
tische Wirkung noch nicht gesichert. 

Nebenwirkungen. Oestrogene erh&hen das Throm- 
boembolie-Risiko, Bei Phlebitiden oder erhfthter 
Thrombosegefahr..sind sic daher sofort abzusetzen. 
Bei langdauernden Qestrogengaben atrophieren fer- 
ner die Ovarien infolge einer Hemmung der Gona- 
dotropinausschattung. SpannungsgefUhl in den BrQ- 
sten, Gewichtszunahme, Ubelkeit, Natriumretention 
mit Odembildung sowie Hyperpigmentierung der 
Haut konnen als weitere Nebenwirkungen hinzukom- 
men. 

Kontraindikationen. Oestrogene sind kontraindiziert 
bei hormonabhangigen Uterus- und Mammatumo- 
ren^Endometriose, schweren Leberfunktionsstdrun- 



gen. idiopathischem Schwangerschaftsikterus und 
schwerem Schwangerschaftspruritus in der Anamne- 
se, Dubin-Johnson- und Rotor-Syndrom, throm- 
boembolischen Erkrankungen sowie Sichelzellenan- 
dmie. 

Interaktionen. Durch Enzyminduktoren, insbesonde- 
re Barbiturate. Carbamazepin oder Rifampicin, wird 
die Oestrogen-Wirkung herabgeseizt. Bei gleichzeiti- 
ger Gabe von Oestrogenen und Antidiabetika ist die 
Kohlenhydrat-Toleranz verminderi. 



2.8.1.5 Antibestrogene 
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Antioestrogene sind Substanzen, die Oestrogenwir- 
kungen ganz oder teilweise aufzuheben vermogen. 
Meist handelt es sich urn partielle Antagonisten, d. h. 
urn Stoffe mit einer schwachen agonistischen (oestro- 
genen) Wirkungskomponente. Hierzu gehOren das 
Stilbenderivat Chmi/en (Dyneric®, Pergotime®) und 
das Diphenylmethanderivat Cyclofenil (Fertodur®). 
Die beiden Stoffe fuhren beim Menschen zu einer 
vermehrten Freisetzung von Gonadoliberin und da- 
mit zu einer erhohten Gonadotropinausschilttung. 
Sie werden daher bei Patientinnen mit anovulatori- 
schen Zykien zur Ovulationsausldsung verwendet. 
Ein Er/olg ist nur bei der normogonadotropen Ova- 
riaiinsuffizienz, d.h. bei intakter Hypothalamus-Hy- 
pophysen-Funktion zu erwarten. Als JVirkungsme- 
chanismus wurde ermittelt, dal3 die beiden Substan- 
zen den negativen Rtickkopplungseffekt der Oestro- 
gene im Hypothalamus durch Blockade der Rezepto- 
ren aufheben. (Bei Frauen ohne Ovulation werden 
z.T. Oestrogene kontinuierlich und nicht wie Oblich 
zyklisch gebildet.) 

Die Dosierung von Clomifen betragt 50 mg. von 
Cyclofenil 600 mg taglich fiir die Dauer von S Tagen. 
Die Anwendung hat uhter siandiger arztlicher Kon- 
trolle zu erfolgen. 




Clomifen (Dyneric®, Pergotime®) 



Cyclofenil (Fertodur®) 
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Ostrioldioatriumsukzinat: Oestrioli succinas. 

Ostriol-lag: (engL) im Zyklus u. nach Inj. von Ostron 
Oder OstradioI-17p die Verzflgerung dcs Ausschcidungs- 
gipfels von Osiriol (14. Tg. des Zyklus) gegentiber dcm 
von Ostron oder Ostradiol-I7p (12.-13. Tg.), bedingt 
durch die zcitl. Dauer dcr Versloffwcchselung beider zu 
Ostriol in Leber u. cnterohepat. Krcislauf. 

OstrioM-hydroxylase; (EC 1.14.1.11 Ocstriol, red. 
NAD[P]: oxygen oxidorcduciase (2-hydroxyIating]) : 
Oxidoreduktase, die Ostriol in 2-Stellung hydroxyliert. 

OstrioUTest: s. Oslrogcnsturz. 

Oestrlolum: Ostriol. 

Ostrischer Zyklus: Brunstzyklus. 

dstrogen: Ostrus hcrvorrufend, z.B. 6. Hormon (s. 
Ostrogene). 

<lat oestrus [vom griech. oistroj] Pferdebrenwc; i.w.S. Leiden- 
ichan; gr gennaein =» erzeu£en> - e: ocstiogenic; oeatrogenous ; 
/: ostrogine bi'w. estrog&ne. 

Ostrogenanamie: normochromc AnSmie nach - tier- 
experimenteller - Gabe hohcr Ostrogendosen (wShrend 
niedr. Dosen die Erythropoese ehcr stcigern). 
c: oestrogenanaemta. 

Ostrogen-ABdrogen-Quotient: Quotient aus den 24- 
Std.-Harn- oder Plasmawenen der »Gesamtestrogene« 
(Ostron, Ostradiol-17^ u. Ostriol, in (ig) u. der 17- 
Ketosteroide(in mg) bzw. von Tcstosteron (in jig); sehr 
niedr. Wcrtc pathologisch. Hcutc ohne prakt. Bcdcu- 
tung. 

e: oestrogcn*aodrogcii quotient. 

Ostrogene: Sammelbez. fUr ostrusauslesende natUrl. 
o. synthet. Wirkstoffe. i.e.S. die Gruppe der FoUikeU 
hormone (»Ostrongruppe«, ca. 25 Stoffe), insbes. Ostra- 
diol, Ostriol u. Ostron, deren Derivate (s. a. Estrogenic 
substances, conjugated) sowie die synthet. Stilbenester 
(z,B. Diathylstilbastrol); s.a. Gonadotropine, Hypo- 
physenhormone, O.therapie. 

Ostrogene, plazentare: nach der 12. Schwanger- 
schaftswoche von der Plazenta aus fetalen u. multerl. 
Prakursoren (z.B. Dehydroepiandrosteron. Androstcn- 
dion, Tcstosteron u. ihren 16-hydroxylierien Derivaten) 
gebtldete 0.. v. a. Ostron, Ostradiol-17p u. Ostriol, 
femer 16-Epifistriol, 16-Ketodstradiol-17p. 
e; placental oestrogens;/: estrogfcnea (m.pl.) placentaircs. 

Ostrogenebiheit: s. BtmNANDT% Ostradiolbenzoat- 
Einheit. 

Ostrogenentzugsblutung: gyn Abbruchblutung, 
c: oestrogen withdrawal bleeding. 

OstFOgenfutter: vet Futtcrmittel mit Zusatz von 
Ostrogenen (z.B. Diathylstilbfistrol, HexOstrol) zur 
Wachstumsstimulierung u. Verbesserung dcs Fleisch- 
Fettverhftltnisses bei landwirtschaftl. Nutztieren. In der 
BRD zu Mastzweckcn generell verbotcn. 
« : oestrogen feed. 

Ostrogen-Cestagengemisch: Kombi nation oraler 
Ostrogene (Athinyloslradiol 0,05, Mestranol 0,04 bis 
0,1 mg) u.. Gestagcnc (z.B. Athinylnortestosteron 
1-4 mg, Megestrolazetat, Norethynodrel,' Ethynodiol- 
diazeiat 1 mg, Norgcstrel 0,25 mg) als Ovulations- 
hemmer Oe 1 Tabl. am 5.-25. Tag), wirksam v,a. durch 
Hemmung der hypothalam. Freisetzungsfaktorcn filr 
FSH u. LH, aber auch fiber Bccinflussung von Tuben- 
funktion. Endometrium u. Zervixschlcim. Sicherheit 
sehr hoch (0-1,0 Versager pro 100 Frauenjahrc) trotz 
gelegentl. »Durchbruchsovulationen«. Nebenwirkun- 
gen s. Ostrogenther.; s.a. Sequcnz-, Kombi nations-, 
Step-up-Therapie. 

«: oestrogen/gestagea mijiture ; /: m^laage (m.) esirogine-pro- 
gestatir. 

Ostrogenimplantation: subfasziale Implantation 
(Bauchdecke, Oberschenkcl) eines Oslrogenkri stalls 
(25-50 mg) als Subsiituiionsther. nach gynakol. Radi- 
kalop. u. bei cinschlflg. Ausfallserschcinungen, z.B. in 
der Menopause (wegen Gcfahr von Blutungen jcdoch 
nur bei fehlcndem Uterus), 
e: oestrogen Implantation. 



Ostrogenkrebs: tierexperimentell v. a, bei MSusen 
nach langdauemder» rel. hochdosicrter Ostrogen-Medi- 
kation vork. Mamma*Ca. 

*: oestrogen cancer; /: cancer (m.) du aux estrogines. 

OstrogcnstuTz: geburtsh sturzart. Abfali der Ostrogcn- 
werte im miitterl. 24-Std.-Harn (RUckgang in 2Tg. urn 
50%) als Hinwcis auf cine akuie GefShrdung der Frucht 
(im letzten Schwangerschaftsdrittel). bcdingi durch 
utcroplazentare Pcrfusionssiarung mit Os-Mangel u. 
Anhfiufung saurer Stoffwechseiprodukte in der feto- 
plazeniarcn Einhcit, dadurch Vermindcrung der Pro- 
duktion fctaler adrcnaler OstrogenvorlSufer (v. a. Dc- 
hydroepiandrostcron)u. der Hydroxylierungsratc an Cia 
(Voraussetzung fiir Ostriolbildung), in dcr Plazenta 
Herabsetzung der Aromaiisierung zu Ostrogenen u. der 
17p-Steroidoxidoreduzierung (Androstendion ^=9 Tcsto- 
steron, Ostron Ostradiol-17p). 

e: oesuogen drop ; sudden decrease of oestrogen values;/: chute 
(f.) des estrogina. 

Ostrogen-Test: bei DD dcr Amenorrhoc nach neg. 
Progesterontest der Nachweis stimulierbaren Endo- 
metriums anhand einer Abbruchblutung 2-4 Tg. bzw, 
4-5 Wo. nach oraler Gabc von Athinyldstradiol (z.B. 
Progynon C3 x 0,02 mg Qber 14 Tg.) oder i.m. Inj. 
der Depot-Form (20 mg). Bei pes. Test weitcre KlSning 
durch Gonadotropinbelastung. 
e: oestrogen test. 

Ostrogentherapie: die orale Anw. von Athinyldstra- 
diol, Mestranol, koiyugiertcn Osuogenen, Osiradiol- 
cstern, Ostriol u. Stilbcncn sowie die parenterale von 
Ostradiol- oder Stilbcncstern (i.m,), scltener auch von 
einschlag. PrcBlingimplantaten, Vaginaltablettcn u. Sal- 
ben; als Substitutionsthcr. (meist langzeitig, moglichst 
zyklisch mit Pause in der 4. Wo., cvtl. mit Gestagcnen 
kombiniert, s. Kaufmann* Schema) bei Oligo- u. 
Amenorrhoc (v. a. ovarieller u. uteriner Genese), Ute- 
rus- Mammahypoplasie, Zyklus- (Blutungsstillung u. 
-ausiasung) u. Schwangerschaftsstorung, nach Kastra- 
tion, bei klimaktcr. Bcschwerden. ferner bei Aknc, 
Osteoporose, zur kapillaren Blutstillung; als Hem- 
mungsther. i.S. der Kontrazeption. ferner bei Mamma- 
Ca, Hochwuchs jungcr MSdchen, zur Laktationshem- 
mung; als Stimulationsther. (mit kletnen Dosen) zur 
Ovulationsauslosung (Stimulation der FSH- u. LH- 
Ausschiittung), quant, u. qual. Verbesserung dcs Zervix- 
schleims bei zervikaler Steriliiai, Rekalzifizierung bei 
Knochenmetastasen etc. - Nebenwirkungen: Obclkeit 
(bei oralen Cn-alkylierten Ostrogenen), Pigmentierung, 
Cholestase, uterine Blutungen. Thromboembolic (?), 
Synkarzinogenese (?); Kontraindikationcn: schwerer 
Leberschaden, Thromboembolic, hormonabhSng. Nco- 
plasma. 

e: oesuogen therapy. 

-dstrol: Suffix fiir synthet. Ostrogene. 

Ostromanie: 1) Metromaoielw.— 2) Obcrbcgr. fur 
Nymphomanie u. Satyrismus.'^^'iy^ * 
<-; gr mania ->Wut.Wahnsinn> - e: oestromania; erotomania; 
/; (2) estromanie(r.). 

Ostron, Estronum, Theelin, Folliculin: (1929/32) 
wichtigstcs natQrI. Follikelhormon (i.e.S.); 3-Hydroxy- 
1.3,5(10)-dstratricn-17-on; in dcr Thcr. weitgehcnd 
durch anderc Ostrogene (v. a. Ostradiol) abgeldst. 

Ostron-Einheit: 0,1 g Ostron (= 1 IE) als 1932 fest- 
gelegterSstrogener Standard fUr btol. Vergleich imTier- 
vcrsuch (anstelle derobsolcten Mause- u. Rattencinheit) 
Heute ohne prakt. Bedeutung. 
e: oestrooe unit. 

Ostron-Gruppe: Ostrogene. ' 

Ostronschwefel^tire: im KOrper als Idsl. Ausschei- 
dungsform gebildeter OsUonester; s.a. gepaarte Sauren. 
Atherglukuron- u. Atherschwefelsauren. 

Ostron-sulfotransferase; (EC 2.8.2.4 3'-Phosphoadc- 
nylylsulphate: oestrone sulphotransfcrasc): Hydrolase, 
die die Reaktion Ostron ^ Ostron-3-sulfat kalalysiert. 

Oestntin: Oestrus (1). 
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Ostrioldinntriumsukzinat: Oestrioti succinas. 

OstrioMag: (cngl!) im Zyklus u. nach'inj. von Ostron 
Oder Ostradiol-np die Vcrzdgcrung dcs Ausscheidungs- 
gipfels von Ostriol (14. Tg. dcs Zyklus) gegenubcr dem 
von Ostron odcr Ostradiol-17p (12.-13. Tg.)» bedingt 
durch die zeitl. Dauer der Vcrstoffwechselung beidcr zu 
Ostriol in Leber u. cnterohepat. Krcislauf. 

OstrioI.2-hydroxyIase; (EC I.I4.I.11 Ocstriol, red. 
NADIPJ: oxygen oxi do reductase (2-hydroxyIatlng]): 
Oxidoreduktase, die Ostriol in 2-Stellung hydrojtyliert. 

Ostriol-Test: s. Ostrogensturz. 

Oestriolum: Ostriol. 

dstrisdier Zyklus: Brunstzyklus. 

dstrogen: Ostrus hcrvorrufcnd, z.B, (i. Hormon (s. 
Ostrogene). 

<lat oestrus [vom griech. oistrosl Pferdebremse; i.w.S. Leiden- 
schaA; gr gennaein = erzeugen> - e: oestrogenic ; ocstrogcnous; 
/: festrogine bzw. estrogine. 

Ostrogenanamle: normochrome AnSmic nach - tier- 
experimenleller - Gabe hoher Ostrogendoscn (wahrend 
niedr, Dosen die Erythropocse eher stcigern). 
e: oestrogenanaemia. 

Ostrogen-Androgen-Quotient: Quotient aus den 24- 
Std.-Ham- oder Plasmawertcn dcr »Gcsamtdstrogenefl 
(Osuon» Ostradiol-np u. OstrioL in \tg) u. der 17- 
Ketostcroidc (in mg) bzw. von Testosteron (in (ig); sehr 
niedr. Werte pathologisch. Heute ohnc prakt. Bedcu- 
tung. 

e: oestrogtn-androgen quotient. 

Ostrogene: Sammelbez. fUr ostnisausldsende n'aturl. 
u. synthet. WirkstofTe, i.e.S. die Gruppe dcr Follikcl- 
hormone (»Ostrongruppe«, ca. 25 Stoffc), insbes, Ostra- 
diol. Ostriol u. Ostron, deren Deri vale (s.a. Estrogenic 
substances, conjugated) sowie die synthet, Stilbenester 
(Z.B. Diathylstilbbstrol); s.a. Gonadotropine; Hypo- 
physenhormone, O.therapie. 

Ostrogene, plazentare: nach dcr 12. Schwanger- 
schaftswoche von der Plarcnta aus fctalen u. mUttcrl. 
Prakursorcn (z.B. Dehydroeplandrosteron, Androsten- 
dion, Testosteron u. ihren 16-hydroxylicrten Derivaten) 
gebildetc 0.. v. a. Ostron. Ostradiol-I7p u. Ostriol, 
fcmer 16-Epi5striol, 16-Kctoastradiol-17p. 
«: placental oestrogena ; /: estrogtnes (m.pl.) placeniaires. 

Ostrogeneinbeit: s. But^nanot*. Ostradiolbcnzoat- 
Einheii. 

Ostrogenentzugsblutung: gyn Abbruchblutung. 
*: oestrogen withdrawal bleeding. 

Ostrogenfutter: vet Futtermittel mit Zusatz von 
Ostrogenen (z.B. DiSthylstilbdstroI, Hcxostrol) zur 
Wachstumsstimulierung u. Verbcsserung dcs Fleisch- 
Fettverhaitnisses bci landwirischaftl. NuUticren. In der 
BRD zu Mastzweckcn generell verbotcn. 
e: oestrogen feed. 

Ostrogen-Gestagengemisch: Kombinalion oraler 
Ostrogene (Athinyl6stradiol 0,05, Mestranol 0,04 bis 
0,1 mg) u.' Gcstagene (z.B. Athinylnortestosieron 
1-4 mg, Mcgestrolazetat. Norethynodrel, Eihynodiol- 
diazetat 1 mg, Norgcsircl 0,25 mg) als Ovulaiions- 
hcmmer Oc 1 TabL am 5.-25. Tag), wirksam v. a. durch 
Hemmung der hypothalam. Freiscuungsfaktoren fur 
FSH u. LH, abcr auch tlber Beeinflussung von Tuben- 
funktion, Endometrium u. Zervixschleim. Sicherheit 
schr hoch (0-1,0 Versager pro 100 Frauenjahre) trotz 
geJegenll. »DurchbruchsovuIationen«. Ncbcnwirkun- 
gcn s. Ostrogenther.; s.a, Sequenz-, Kombi nations-, 
Step-up-Thcrapie. 

e; ocstrogen/gesugen mixture; /: milange (m.) estrogftne-pro- 
gcstatif. 

Ostrogenimplantation: subfasziale Implantation 
(Bauchdccke, Oberschenkel) eincs Ostrogenkristalls 
(25-50 mg) als Subsiitutlonsther. nach gynakol. Radi- 
kalop. u. bei einschlag. Ausfallserscheinungen, z. B, in 
der Menopause (wegen Gefahr von Blutungen jedoch 
nur bei fchlendcm Uterus). 
e: oestrogen implantation. 



Ostrogenkrebs: ticrexperi men tell v.a. bei MSusen 
nach langdauerndcr, rel. hochdosiericr Ostrogen-Medi- 
kation vork. Mamma-Ca. 

e: oestrogen cancer; /: cancer (m.) dQ aux estrogines. 

O$trogensturz: gei«r/jA sturzart. Abfall der Ostrogen- 
werte im mOtterl. 24-Std..Harn (Ruckgang in 2Tg. urn 
50%) als Hinweis auf eine akute Gefahrdung der Frucht 
(im letzten Schwangerschaftsdrittel), bedingt durch 
uteroplazentare Perfusionsstarung mit 02-Mangel u. 
Anhaufung saurer Stoffwechselproduktc in dcr feio- 
plazenlaren Einheit, dadurch Verminderung der Pro- 
duktion fetaler adrenaler Ostrogenvoriaufer (v.a. De- 
hydroeplandrosteron) u. der Hydroxylierungsrate an Cib 
(Voraussctzung fUr Ostriolbildung), in der Plazcnta 
Herabseizung der Aromatisierung zu Ostrogenen u. der 
17p-Steroidoxidoreduzierung (Androstendion Testo- 
steron, Ostron % Ostradiol-17p). 

e: oestrogen drop; sudden decrease of oestrogen values; /: chute 
(f.) dcs cstrogines. 

Ostrogen-Test: bei DD der Amenorrhoe nach neg. 
Progeslerontest der Nachweis stimulicrbaren Endo- 
metriums anhand eincr Abbruchblutung 2-4 Tg. bzw. 
4-5 Wo. nach oraler Gabe von Athinyldstradiol (z.B. 
Progynon C3 x 0,02 mg abcr 14 Tg.) oder l.m. Inj. 
der Depot-Form (20 mg). Bei pos. Test weitcre Kiarung 
durch Gonadotropinbelastung. 
c: oestrogen test. 

Ostrogentherapie: die orale Anw. von Athinyiestra- 
dioL MestranoL konjugierten Ostrogenen, Osiradiol- 
estern, Ostriol u. Stilbenen sowic die parenterale von 
Ostradiol- oder Stilbcncstern (i.m.), seltener auch von 
einschlSg. PreBlingimplantaten, Vaginaltabletten u. Sal- 
ben; als Substitutionslher. (mcist langzcitig, mdglichst 
zyklisch rait Pause in cler 4, Wo., evil, mit Gcstagenen 
kombi niert, s. Kaufmann* Schema) bei Oligo- u. 
Amenorrhoe (v.a. ovaricller u. uteriner Genese), Ute- 
rus-Mammahypoplasie. Zyklus- (Blutungsstillung u. 
-auslbsung) u. SchwangerschaftsstSrung, nach Kaslra- 
tion, bei klimakter. Beschwcrdcn. fcrner bei Akne. 
Osteoporose, zur kapillaren Blutstillung; als Hem- 
mungsther. i.S. der Kontrazeption, fcrner bci Mamma- 
Ca, Hochwuchs junger Madchen, zur Laktationshem- 
mung; als Stimulationsthcr. (mit kleinen Dosen) zur 
Ovulationsauslosung (Stimulation der FSH- u. LH- 
Ausschuttung), quant, u. qual. Verbcsserung dcs Zervix- 
schleims bei zervikaler SterilitSt, Rekalziflzierung bei 
Knochenmetastasen etc. - Nebenwirkungen: Obelkeit 
(bci oraien Ci?-alkylicrten Ostrogenen), Pigmentierung, 
Cholestases uterine Blutungen, Thromboembolic (7), 
Synkarzinogenese (?); Kontraindikationen: schwerer 
Lebcrschaden, Thromboembolic, hormonabhang. Neo- 
plasma. 

e: oestrogen therapy. 

-dstrol: Suffix fur synthet. Ostrogene. 

Ostromanle: 1) Metromanic. - 2) Obcrbegr. fiir 
Nymphomanie u. Satyrismus. 

<-; grmania«Wut,Wahnsinn> -«:oe3tronianta; erotomania; 
/:(2) estromanie (f.), 

Ostron, Estronum, Theeliii, . golliculin: (1929/32) 
wichtigstes natiirl. Follikclhorinoo^.e.S.); 3-Hydroxy- 
1.3,5(10)-asirairicn-17-on; in der Ther. wcitgehend 
durch anderc Ostrogene (v.a. Ostradiol) abgclSst. 

Ostron-Einhelt: 0,1 g Ostron (= HE) als 1932 fcst- 
gelcgterdstrogener Standard fQr biol. Vcrgleich imTier- 
versuch (anstellc dcr obsoleten MSuse- u. Ratteneinhcit) 
Hcute ohne prakt. Bedeutung. 
e: oestrone unit. 

Ostron-Gruppe: Ostrogene. 

Ostronschwefelsaure: im Korper als l6sL Ausschei- 
dungsform gebildeter Ostronesier ; s.a. gcpaartc Sauren, 
Atherglukuron- u. Atherschwefclsauren. 

Ostron-suirotransferase; (EC 2.8.2.4 3'-Phosphoade- 
nylylsulphate: oestrone sulphotransferasc): Hydrolase, 
die die Rcaktion Ostron i=F Ostron-3-suIfat kaulysiert. 

Oestnim: Oestrus (1). 
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ABSTRACT 

The dietary origin of the weak oestrogen equol (7- 
hydroxy-3-(4'-hydroxyphenyl)-chroman) present in 
human urine has been investigated using gas chro- 
maiography-mass spectrometry. Feeding experiments 
with different food constituents and monitoring the 
urinary excretion of equol revealed that soya food 
yields more than 0- 1 mg urinary equol/g flour ingested. 
From this source the glucoside of daidzein (4'.7-di- 
hydroxyisoflnvone) has been isolated and identified as 



a precursor of equol. Both equol and daidzein were 
characterized as monoglucuronide conjugates in 
human urine and the concentration of urinary equol 
exceeded the concentrations of the classical oestrogens 
by 100' to 1000-fold after ingestion of a single meal 
containing soya protein. The potential biological sig- 
nificance of this result is discussed, 
y. £>M/acr. (1984) 102, 49-56 



INTRODUCTION 

Equol (7-hydroxy-3-(4'-(hydroxyphenyl)-chroman) is 
an isoflavan possessing weak oestrogenic activity, in 
the order of 10"^ times that of oesiradiol (Braden, 
Hart& Lamberton, 1 967; Shut t& Braden, 1968), while 
also being an antioestrogen in binding competitively 
with oestradiol to uterine cytosol receptors (Shutt & 
Cox. 1972; Tang & Adams. 1980). The compound was 
first discovered in the urine of pregnant mares over half 
a century ago (Marrian & Haslcwood. 1932) and then 
in goat (K lyne & Wright, 1957). cow (Klyne & Wright. 
1959). hen (MacRac, Dale & Common. 1960; 
Common & Aimsworth, 1961). sheep (Braden ei al. 
1967; Shutt & Braden. 1968) and rat (Axelson & 
Setchcll, 1981). In these animals equol is formed by 
intestinal bacterial degradation of phyto-oestrogens 
present in the feed (Batterham. Hart, Lamberton & 
Braden, 1965; Nilsson, Hill & Davies, 1967; Shutt & 
Braden, 1968; Batterham. Shutt. Han ei al. 1971; 
Axelson & Setchell. 1981). Ingestion of larger 
quantities of clover, particularly Trifolium subter- 
raneum, which has a high content of equol precursors, 
leads to an infertility syndrome in sheep referred to as 
clover disease, in which a cystic condition in the repro- 
ductive tract is accompanied by a failure to conceive 



(Bennetts, Underwood & Shier, 1946; Moule. Braden 
& Lamond, 1963; Morley, Axelsen & Bennett, 1964; 
Shutt. 1976). 

The occurrence of equol in the urine of man was only 
recently reported (Axelson. Kirk, Farrant et ai 1982). 
The amounts excreted were similar to the endogenous 
oestrogens. but were not related to any hormonal 
status. 

The dietary origin of equol in man is not known, but 
here we report that soya protein has a remarkably 
high content of an equol precursor which has been 
isolated and identified as the glucoside of the iso- 
flavone, daidzein (4'.7-dihydroxyisoflavone). This 
phyto-oestrogen is converted into equol, conjugated 
with glucuronic acid and is then excreted in urine. 



MATERIALS AND METHODS 
Urine samples 

Urine (24 h) collections were obtained from a healthy 
man (age 34 years) and woman (age 25 years) and 
from 20 mature female rats (-200g) of the 
Sprague-Dawley strain. The urine was collected in 
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polyethylene flasks, frozen immediately and stored at 
-aO'C until analysed. 

Diets 

Rats were fed commercial pelleted food (Astra-Ewos. 
Sodertalie. Sweden) or a semisynthetic diet. D7 
(Midtvedt & Gustafsson, 1981), composed of wheat 
starch, casein, arachis oil. salts and vitamms. Food 
constituents (2-5g/24h) and equivalent amounts of 
extracts were tested for the presence of equol pre- 
cursors by adding ihcm to the semisynthetic diet in 
exchange for starch or oil and feeding it to one to five 
rats for 2 days. Soya flour (Soyolk; Soya Foods Ltd) 
was obtained from A/B Risenta. Stockholm. Sweden 
(composition: 40% protein. 20% fat and 20% carbo- 
hydrate). The two human subjects were given lunch 
meals in which 40 g of commercial textured soya 
(Natural Protoveg; Direct Foods Ltd. Petersficid, 
Hants: composition: 52% protein, 1% fat and 3l•5^ 
carbohydrate) was substituted for meat over a 5-day 
period. The soya was cooked according to the manu- 
facturer's instructions. 

Isolation of daldzeln from soya 
Soya flour (5g) was refluxed for 1 h with J 25 ml 80% 
aqueous ethanol. After filtration and evaporation of 
the alcohol, non-polar lipids were removed by first 
washing the aqueous extract with hexane (30 ml) and 
then passing it through a column bed (4x0-8 cm) of 
Lipidex 1000 (Packard Instrument Co., Downers 
Grove. Illinois. U.S.A.) (Dyfverman & Sjovall. 1978) 
in water. The aqueous effluent (about 30 mi) was then 
extracted with a Sep-Pak C,a cartridge (Waters 
Associates Inc., Milford, Maryland, U.S.A.) which 
was washed with 10 ml water before elution with 8 ml 
methanol (Shackleton & Whitney. 1980). The eluaie 
was passed through a column bed (4 x 0 4 cm) of the 
strong cation exchanger sulphohydroxypropyl 
Sephadex LH.20 (SP.LH-20. H *) (Axelson & Sjovall. 
1979) and the material in the methanohc effluent 
(13 ml) was separated into neutral and phenolic 
fractions on a column bed (4x0-4cm) of the 
strong anion exchanger trieihylaminohydroxypropyl 
Sephadex LH.20 (TEAP-LH-20, OH") (Axelson, 
Sahlberg& Sjovall, 1981). Phenolic compounds, elutcd 
from the column with 8 ml COi-saturaied methanol, 
were further fractionated by preparative ihin-layer 
chromatography ffLC) on a Merck precoated plate 
(silica gel 60 Fj,*; 20 cm x 20 cm. Merck. Darmstadt, 
West Germany) with ethylene chloride : acetic 
acid : water (10 : 10: 1, by vol.). Spots were located by 
inspection under a u. v. lampat 254 nm or for analytical 
TLC by spraying with a solution of HjSO*; ethanol 
(1:1, v/v) and heating at 80-100 X. Major com- 
ponents were scraped from the plate, eluied and 



rechromatogrnphed on TRAP-LH-20 for removal of 
TLC impurities. After hydrolysis with ^glucosidase 
(Emulsin; Sigma Chemical Co.. St Louis, Missouri, 
U.S.A.; 25 units in 5 ml 0- 1 M-acctatc buffer, pH 5. at 
37 "C for 24 h). dcconjugatcd compounds were ex- 
tracted using a Sep-Pak Cig cartridge as described 
above. 

Extraction and isolation of equol from urine 

Equol was extracted from urine (I -6 ml) with a Sep- 
Pak C,8 cartridge (Shackleton & Whitney, 1980) and 
conjugates, elutcd with 8 ml methanol, were 
hydrolysed with Helix pomatia juice (Reactifes IBF 
Soc. Chim., Pointet Girard, Villeneuve la Garenne. 
France; 30000 Kishman units P-glucuronidasc in 5ml 
0 2 M-acclate buffer, pH 4-5) at 62 °C for I h (Schollcr, 
Mciay, Herbin & Jayle, 1966). After extraction on a 
Sep-Pak Cu cartridge. liberated equol in 8ml 
methanol was purified by passage through a column 
bed (4 X 0-4 cm) of SP-LH-20 (H ') (Axelson & Sjovall, 
1 979) and chromatography on a column (4x04 cm) of 
TEAP-LH-20 (OH") (Axelson 1981). A phenolic 
fraction was obtained by elution of the latter column 
with 8 ml methanol saturated with COj. After removal 
of the CO 2 by application of vacuum, water was added 
to give a final concentration of 72% methanol and the 
sample passed through a column bed (2x0*4 cm) of 
diethylaminoethyl (DEAE)-Scphadcx (Pharmacia, 
Uppsala, Sweden) in base form (Axelson ei al. 1982). 
Monophenolic compounds were elutcd with 1 0 ml 72% 
aqueous methanol and equol and other di phenolic 
compounds with 5 ml 72% aqueous methanol 
saturated with COj. 

Isolation of equol and daidzein glucurontdes from 
human urine 

Urine (20ml)collected from a male subject after 2 days 
on a soya diet was extracted on a Sep-Pak Cjg 
cartridge, filtered through a column bed (4 x 0-4 cm) of 
SP-LH-20 (H *■) as described above and fractionated 
on a column bed (6 x 0'4cm) of TEAP-LH-20 in OH ' 
form. After elution of monoglucuronides of neutral 
compounds with 20 ml 0-8 M-acetic acid in 72% 
aqueous methanol, glucuronide conjugates possessing 
a free phenolic group were eluted with 15 ml 04 m- 
formic acid in 72% methanol (Sahlberg, Axckon, 
Collins & Sjovall, 1981 ). An aliquot of the material in 
this fraction was analysed by TLC as for soya. Rf 
values of the glucuronides of equol and daidzein were 
0*28 and 0*23 respectively (for comparison, oestriol 
16a-glucuronidc had an Ry value of 0-29). The 
carboxyl group of the glucuronic acid was methylated 
with diazomethane and the methyl esters were 
dissolved in methanol and purified on a column bed 
(4 X 0-4 cm) of TKAP-LH-20. After washing with 5ml 
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methanol the conjugated equol and daidzein 
derivatives (which possess a free phenolic group) were 
elutcd with 8 ml COa-saiurated methanol. 

Preparation of derivatives for gas chromatography 
(GC)-mass spectrometry (MS) 

Methyl esters 

The dried extract was dissolved in 1ml diethyl 
ether : methanol (9:1. v/v) and diazomethane (freshly 
prepared by the reaction between N-methyl-N-nitroso- 
toluenesulphonamide and aqueous KOH, in diethyl 
ether; Schlenk & Gellerman. I960) was added to the 
sample through a stream of nitrogen. After 30min in 
an ice balh» excess diazomethane and solvents were 
removed under a stream of nitrogen. 

Trimethylsilyl ( TMS) ethers 
Trimcthylsilyl ethers were prepared by addition 
of 100 pi pyridine : hexameihyldisilazane : trimethyl- 
chlorosilane (S : 2 : 1, by vol.) and heaUng at 60 °C for 
30 min. The reagents were removed under a stream of 
nitrogen and the derivatives dissolved in hexane. 

Deuterium-labelled TMS ethers were prepared by 
reaction with 100 ^1 [^Hsltrimelhylchlorosilane 
(Merck Sharp & Dohme Canada Ltd, Montreal. 
Canada) : pyridine (1:18, v/v) at 20 X for 30 min. 

Gas chromatography and mass spectrometry 

Oas chromatography 

Gas chromatography was carried out on a Pyc 104 gas 
chromatograph equipped with a fiamc ionization 
detector and housing a 20 m x 0-3 mm open-tubular 
glass capillary column coated with SE-30 (Orion 
Analytica, Espoo, Finland). Nitrogen was the carrier 
gas with an inlet pressure of 50kPa, giving a flow rate 
of about I ml/min. The oven temperature was 250 °C. 

Quantification of equol present in the hydrolysed 
urine fractions was obtained by comparison of its GC 
peak area with that given by a known amount of 
authentic equol, having a retention time as a TMS 
ether derivative of 0-45 relative to that of 5a- 
cholesiane. The limit of detection corresponded to 
about I equol in a 24-h urine collection. 

Gas chromatography-mass spectrometry 
Gas chromatography-mass spectrometry was done on 
a modified LKB 9000 instrument housing an open- 
tubular glass capillary column (25 m x 0-3 mm) coated 
with SE-30, heated at 250 °C and connected to the ion 
source by a single suge adjustable jet separator 
(Axelson & Sjovall. 1977). 

Derivatized conjugated compounds were analysed 
on a 1-5% SE-30 packed column. (I m x3-4mm) at 
250 °C. Temperatures of the molecular separator and 
the ion source were 275 and 290 **C respectively; energy 



of bombarding electrons, 22-5 eV, ionizing current, 
60jiA and accelerating voltage. 3-5 kV. Repetitive 
magnetic scanning (usually six to ten scans/min) over 
the range of mass/charge ratios (m/z) 0-800 daltons 
per unit electronic charge was initiated after a suitable 
delay from the time of sample injection. Methods for 
the computerized evaluation of the mass spectral data 
have been described (Axelson, Cronholm, Curstedt et 
ai 1974). 

RESULTS 

Dietary origin of equol 

Since rats excrete equol in urine and bile (Axelson & 
Setchell, 1 981 ) this animal was used as a model for man 
in the experiments screening for dicUry precursors. 
Evidence that commercial pelleted food contains pre- 
cursors of equol was obtained by changing a normal 
rat feed to that of a semisynthetic diet. A marked and 
rapid decrease in the urinary excretion of equol to less 
than 2ng/24h was followed by an increase after the 
diet reverted to pellets (Fig. I). In the subsequent 
search for equol precursors, different food constituents 
and food extracts were added to this semisynthetic diet 
and the excretion of equol in urine was monitored. Of 
the variety of food-stuffs tested, which included soya 
flour, soya oil, wheat, rye, oat, millet, barley, 
buckwheat, com, alfalfa, white beans and brown 
beans, soya flour provided the richest source of pre- 
cursor(s) and resulted in the urinary excretion of about 

Pellets Scmisynlhelic Pellets 

diet 




FIGURE I . Daily urinary excretion of equol by two female 
rats fed commercial pelleted food or semisynthetic diet. 
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\ 00 ng equol/g flour ingested (range 60-1 30 ng/g in five 
rats). The corresponding value for soya oil was only 
5 jig/g. Little or no increase in the urinary excretion of 
equol ( < I jig/g) was observed with the other food 
coDStituents tested. Commercial food pelliets contain a 
proportion of soya cake sufficient to account for the 
urinary excretion of equol by rats. 

Extending these studies to man, the urinary ex- 
cretion of equol in two subjects (male and female), 
which is normally in the range of the classical oestro- 
gens (Adlcrcreutz, Fotsis, Heikkinen et al. 1982; 
Axelson ei al. 1982), increased 100- to 1000-fold to 
about 4-6mg/24h after ingestion of 40 g soya/day 
(Fig. 2). Thus the response to this diet was analogous 
to that observed in rats, indicating that the 
precursor-product relationships are similar in man 
and rats. 



(a) Soya ib) Soya 




Time (days) 



FIGURE 2. Daily urinary excretion of equot by {a) a man and 
{b) a woman before and after the addition of textured soya 
(40g/day) to the normal diet. 

Ideotificatioo of daidzcin, a precursor of equol in soya 

Experiments to isolate the precursor(s) from soya flour 
showed that the compound(s) was extractable with 
80% aqueous ethanol After the fractionation of the 
extracted material into neutral and phenolic com- 
pounds on the ion exchanger TEAP-LH-20. approxi- 
mately 90% of the precursor(s) was present in the 
phenolic fraction. Preparative TLC showed a major 
component of 0-32. When this component was fed 
to rats it was readily converted to equol and quanti- 
tatively accounted for approximately 75% of the ex- 
pected excretion of equol from the original amount of 
soya. The TM S ether of this compound, when analysed 
byGC-MS, did not show the molecular ion (M)at mjz 
776 (Fig. 3) but ions al m/r 761 (M-15), 671 (M- 
( 1 5 + 90)) and 58 1 (M-( 1 5 + 2 X 90)). which are formed 
by loss of a methyl group from the molecule and 
subsequent loss of one and two derivatized hydroxyl 
groups respectively. The base peak at mjz 361 and the 



ions of /n/r 271. 243, 217 and 204 are indicative of a 
TMS ether of a hexosc structure (Laine & Elbcin, 
1971). In analogy with persilylaicd glucuronide con- 
jugates (Spicgelhatder. Rdhle, Sickmann & Breuer. 
1976) the ion at mjz 450 indicated that the sugar 
residue was conjugated to an aromatic hydroxyl 
group. This ion arises from the glycone with a loss of a 
proton. Aromatic conjugation was further supported 
by the intense ion at m/r 398 (M-378), which is formed 
by dcconjugation and transfer of a TMS group from 
the glycoside moicly to the a glycone (Billets, Lietman 
AFcnselau, l973;Spiegelhaldcre/fl/. 1 976), The ion at 
mjz 383 is formed by subsequent loss of a methyl group 
from the aglycone. 

Treatment of this compound with P-glucosidase 
yielded a product (R^ value 0-83 compared with 0-92 
for equol on TLC). the TMS ether derivative of which 
had an identical GC retention time on SE-30 (M2 
relative to 5a-cholestime) and mass spectrum as the 
persilylated authentic daidzein. The mass spectrum 
showed a molecular ion and base peak at mjz 398 (Fig. 
3). The origin of ion mjz 355 is unknown, it may be due 
to loss of CHj (mjz 383) and CO (Budzikiewicz, 
Djerassi & Williams, 1964). The fragment ion at mjz 
190 may represent ((CH3)3SiO-Ce,H4-feCH)* in 
analogy with the fragmentation of equol (Axelson et 
al, 1982), These interpretations were supported by the 
analysis of the compound as a perdeuierated 
derivative. 

The glycoside moiety of the daidzein conjugate 
occurring in soya was tentatively identified as a glucose 
residue. This is based on the following properties and 
evidence: hydrolysis with p-glucosidase, mobilities on 
the anion exchanger TEAP-LH-20, TLC and GC 
(retention time on SE-30 was 1 9 times that of the TMS 
ether of daidzein), the mass spectrum and the previous 
finding of daidzein glucoside in soya beans (Walz, 
193 1). Definite confirmation that daidzein is the major 
precursor of equol in commercial soya flour was ob- 
tained by feeding a rat the reference compound 
daidzein (acetate, 400 ^g) in the semisynthetic diet, 
which yielded approximately 50 pg equol in the urine. 

Identification of equol and daidzein g]ucuronides in 
human urine 

In our earlier characterization of equol in urine 
(Axelson et aL 1982) it was tentatively identified as a 
glucuronide conjugate, consistent with the majority of 
endogenous urinary steroids. After repetitive scanning 
MS of the GC-effluent, the presence of equol and 
daidzein glucuronides was evident from the recon- 
structed chromatograms for diagnostically significant 
ions given by the methyl ester TMS ether derivative of 
the two compounds (Fig. 4). Peaks occurred at 14 and 
32min (retention time of 5a-cholcstane was about 
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FIGURE 3. Blectron impact ionization mass spectra or the trimethybilyl (TMS) ethers of daidzein (4\7-dihydroxy-isonavone) 
glucosidc isolated from soya flour (a) before and (b) after treatment with ^glucosidasc. M * . molecular ion; m/r, mass/charge 
ratio in daltons per unit electronic charge. 



1 min) which represent intact glucuronides of equol 
and daidzein respectively. The complete mass 
spectrum of equol glucuronidc clutcd at 1 4 min is 
shown in Fig. 5. Consistent with the mass spectra of 
derivatives of glucuronide conjugates of oestrogens 
(Spiegelhalder et al 1976) the relative intensities of the 
molecular ion {mjz 720) and the ions formed by losses 
of a methyl group (mjz 705) and TMS groups {mfz 615 
and 525) arc below 5% in this aromatic conjugate. The 
loss of 292 and 334 mass units from the molecular ion 
has previously been observed in mass spectra of 
phenolic glucuronide conjugates (Billets et al. 1973; 
Spiegelhalder c/ al. 1976; Axelson & Setchell, 1980); 



the latter fragmentation represents the loss of glucu- 
ronic acid with the corresponding transfer of a TMS 
group to equol. The ion at m/z 192 consists of a deriva- 
tized phenol group with a 2-carbon chain which is the 
base peak in the mass spectrum of unconjugated equol 
(Axelson et al. 1982). Ions at mjz 406, 407. 317 (base 
peak), 275, 217 and 204 are all typical of the frag- 
mentation of the glucuronic acid (Billets et al. 1973; 
Spiegelhalder et al. 1976; Axelson & Setchell, 1980). 

The glucuronide conjugate of daidzein was also 
identified in the same urine sample (Fig. 4). The mass 
spectral fragmentation pattern of the methyl ester 
TMS ether of the intact conjugate (Fig. 5) was similar 
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ncuRE 4. Gas chromatographic-mass spectromctric analysis of methyl ester trimethylsilyl ether de- 
rivalives ofintacl glucuronides ofequol (E; 7-hydroxy-3-(4*-hydroxyphcnyl)-chroman) and daidzein 
(D; 4',7-dihydroxy-isoflavone) isolated from human uriac. Fragment ion current chromatogrdms of 
mass/charge ratio {m/z) 317 daltons per unit electronic charge and m/z 406 arc representative of the 
glucuronyl moiety, those of n;/r 386 and m/z 192 ofequol and those of m/z 398 and mjz 383 of daid- 
zein structure (see text). For purpose of illustration the intensities of mfz 3 17 were multiplied by a 
factor of I , the other ions by a factor of 2, 
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to thai ofequol glucuronide. The loss of glucuronic 
acid in a rearrangemenl with the simultaneous transfer 
of a TMS group to the aglycone gives rise to the 
significant ion at miz 398 (M-334) which is the 
molecular ion and base peak in the mass spectrum of 
the TMS ether of daidzcin (Fig. 3). 

These data firmly establish the occurrence of cquol 
and daid/ein in human urine as glucuronide con- 
jugates. However, it is not possible to determine the 
position of conjugation by these methods, and the 
presence of two isomers of each compound cannot be 
excluded. 



weeks the capacity to form equol decreased or dis- 
appeared in several rats. When pelleted food was again 
given, the capacity was partly regained. A variable 
yield of urinary cquol has also been observed in man 
after ingestion of soya (Seichell et al. 19$4). 
Conjugation of cquol and daid/xin with glucuronic 
acid most likely occurs in the liver as is the case with 
most endogenous oestrogens. 

Although daidzcin was the only equol precursor 
identified from soya, other precursors may exist in 
plants and foods, Isoflavones such as formononetin (7- 
hydroxy-4'-methoxyisonavone), biochanin A (5.7-di- 




ncxmB 5. Mass spectra of the methyl ester trimethylsilyl (TMS) ether derivatives of the glucuronides of (a) cquol 
(7-hydroxy-3-(4'-hydroxyphenyl)-ch reman) and (6) daidzcin (4',7-dihydroxy-isaflavonc) isolated from human urine. 
The origin of ions is given in the text. M molecular ion; m/z, mass/charge ratio in daltons per unit electronic charge. 



DISCUSSION 

As shown here, and in a subsequent study (Setchcll, 
Borriello, Hulme et at. 1984), soya meal is a major 
dietary source of urinary equol in man. Equol itself 
was not detected in soya but was shown to be formed 
from the glucoside of datdzein. Glucosidases are 
known to be present in intestinal bacteria (Drasar & 
Hill, 1974), which have also been shown to carry out 
the reduction and deoxygenation reactions required 
for conversion of daidzein to equol in animals 
(Batterham et al. 1965; Nilsson et al, 1967; Batterham 
et al. 1971) and recently in man (Seichell et al. 1984). 
Germfree rats, however, do not excrete equol when 
given commercial pelleted food (Axelson & Setchell, 
1981). These results strongly suggest that also in man 
equol is formed in the gastrointestinal tract as a result 
of the bacterial degradation of daidzein. Thus, the rate 
of formation of equol from daidzein is conceivably 
influenced by the composition of the microflora, the 
intestinal transit time and the redox level in the large 
intestine. These conditions are affected by the diet, and 
when rats were fed the semisynthetic diet for several 



hydroxy-4'-methoxyisoflavone) and genistein (4'-5,7- 
irihydroxyisoflavone) are all potential precursors of 
cquol in animals (Caycn, Carter & Common, 1964; 
Batterham eiai 1965, 1971; Nilsson €f a/. l967;Shuti 
ABraden, 1968; Tang & Common, 1968; Batterham w 
al. 1971). Soya beans can contain an abundance of 
phyto-oestrogens (Walz, 1931; Walter, 1941; Nairn, 
Gestetner, Kirson et al. 1973; Lookhart, Jones & 
Finney, 1978), particularly genistein and daidzein, 
which have been ascribed to cause uterotrophic efecls 
in laboratory mice given soya bean meal (Carter, 
Smart & Matrone, 1953; Cheng, Story, Yoder et al. 
1953) or commercial pelleted food (Drane, Patterson. 
Roberts & Saba, 1975. 1980). Our observations here 
and earlier that equol is the major phenolic compound 
found in urine, blood and bile of rats maintained on 
this diet (Axelson & Setchcll, 1981) suggest thai the 
©estrogenic effects are more likely to be induced in vivo 
by equol than by genistein and/or daidzein. Genistein 
glucoside was not detected in the commercial soya 
flour used in the present study. Whether this is due to 
variations in the composition of isoflavones between 
different species of soya beans or due to elimination of 
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genistein during the manufaclure of the flour is not 
known. 

The widespread use of soya beans as a protein food 
source makes il important to determine possible 
phystotogical effects of equol in man. The *contra- 
ceptive* effect in animals suggests to us thai it may be of 
interest to investigate the dietary habits and urinary 
excretion of equol in women with unexplained in- 
fertility or disorders of the menstrual cycle. 

In addition, whether the presence of phyto- 
oestrogens and related oestrogenic compounds in 
common food-stuffs affect the development and/or 
treatment of hormone-dependent tumours should also 
be considered. 
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Catheterisation: your urethra in 
their hands 

R Caner, M Aitchison, G R Mufti, R Scott 

The emphasis in undergraduate tnedical education is 
often on the theoretical aspects of medicine rather than 
the practical aspects. Practical prpcediwes are com- 
monly taught informally, the teaching being passed 
from one junior to the next.' The philosophy is of "See 
one, do one, teach one." Urethral catheterisation is a 
procedure that requires a certain amount of skill, 
knowledge, and experience and is not without com- 
plication,''* yet it is usually delegated to the most junior 
and inexperienced medical staff,, the junior house 
'officers. 

Subjects, methods, and results 

To assess the level of competence at catheterisation 
among junior medical staff house officers at this 
hospital were interviewed with a structured question- 
naire, covering three aspects of the procedure; the 
degree ofundcrgraduate and postgraduate insiructipn, 
the practical and theoretical aspects of catheterisation , . 
and, finally, problems and complications encountered. 

Thirty junior house officers (graduates of five 
medical schools) were interviewed. Eighteen were 
male and 12 were female. The replies to the question- 
nairc showed that noneof the interviewees had received 
any formal instruction regarding any aspect of urethral 
caUieierisaiion as an undergraduate. Practical post- 
graduate instruction in 24 was limited to supervision of 
a single catheterisaiwn, and four subjects were 
unsupervised. Although those iiiterviewed had per- 
formed a mean of 28 (range 6-100) catheterisattons. in 
male patients, only four of them had catheterised 
female patients. 

Despite the large number of procedures performed 
there was appreciable ignorance of the practical and 
theoretical aspects of catheterisation. Twenty .five 
interviewees were unaware of the availability of short 
term and long term catheters or of the duration for 



which tfiey may te. safely left without being changed. 
Three interviewees simply used the catheter that was 
provided by the nursing staff, and one did not know 
that different sizes existed. 

Twenty eight interviewees initially usied force wjicn 
meeting resistance to the passage of the cathetei;; iuid 
13 stated that the development of fresH ui^thral 
.bleeding, would not deter them from a further attempt 
at catheteriia'tion. feij^teen were happy tp. attempt 
catheterisation in a patient who had.a l^ipwn urethral 
stricture. Five interviewees were unaware of the 
difTerence between a phimosis and paraphimosis. 

Despite the lack of formal tuition all had developed 
what seemed to be a satisfactory aseptic technique. 
None, however, was Aware of the nature of the anti- 
septic fluid or the strength of the local anaesthetic gel, 
but simply used what was provided by the nursing staff. 

Nineteen of the interviewees had encountered bleed- 
ing and sbt had had patients in whom a paraphimosis 
had developed after catheterisation. A particularly 
disturbing finding was that, although U interviewees 
had requested help from senior medical staff, seven 
were reluctant to seek advice, because of their impres- 
sion that difficulties with catheterisation were not 
worthy of disturbing senior staff. Eight of the 12 
female medical staff had encountered probleins with 
male patients becoming sexually excited during the 
procedure. 



Discussion 

The results of our survey suggest that the technique 
of urethral catheterisation is poorly taught, and in the 
light of these results we aie preparing a short teaching 
video to be shown to every house officer at the start of 
their preregistrationlpost. 
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Oestrogenic effects of plant 
foods in postmenopausal 
women 

Gisela Wilcox, Mark L Wahlqvist, 
Henry G Burger, Gabriele Medley 

Crops grown as animal pasture are known to have 
oestrogenic activity,' and some foods contain potential 
oestrogenic analogues such as the isoflavonoids 
(isoflavones and coumesians), lignans, and resorcydic 
acid lactones,' which may be activated or inactivated.' 
We studied the effect of three foods reported to 



induce vaginal oestrus in laboratory animals* in posi- 
. menopausal women not taking oestrogen replacement 
therapy. 

Subjects, methods, and results 

We studied 25 postmenopausal women who were 
non-smokers, in good general health, and taking no 
dmgs known to afifect oestrogen state (mean age 59 
(range 51-70); body mass index 24*4 (range 18-7-31 -6) 
fcg/m'; years after meiiopause 81 (range 1-20)). The 
protocol was a latin square design with a two week run 
in period and a six week experimental period. The 
women recorded their normal diet for 14 days and were 
asked to repeal the fortnightly diet throughout the 
smdy. During the experimental period the diet was 
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supplei]^eated with soya flour (43 g daily), red clover 
sprouts (10 g dry seed daily), and Unseed (25 g 
daily), each for two weeks in mm . To check compliance 
the women returned residual food. Blood samples were 
taken weekly and lateral wall vaginal smears taken 
fortnightly and at follow up two and eight weeks after 
supplementation finished. Analysis was on intention to 
treat, but 23 women completed the study. 

We examined the dependent variables vaginal cell 
maturation and serum concentrations of lutcinising 
hormone and follicle stimulating Ijormone. The 
cumulative effects of the three foods at six weeks were 
compared with baseline by the paired / test, as were the 
* residual effects, two and eight weeks after the last food 
supplement. We found significani differences in 
vaginal cytology after six weeks* supplementation. 
(p<0'01, 95% confidence interval 6-0 to 17-6), which 
persisted for two weeks after treatment (p<0 02), but 
cytology returned to baseline after eight weeks (table), 

'Mean (SE) values for oestrOgmic intHeaton m pojoaatopamai xoomm 
cohswmng phyio^trogens 
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The maturation value significantly increased after soya 
flour (p<0-'05) and linseed (p<d 02) but not 'after red ' 
clover sprouts (p=0- 11). 

All women had concentrations of follicle stimulating 
hormone and lutcinising hormone greater than those in 
the premenopausal range of 2-8 lU/l and 6-13 IU/1 
respeaively. There was a cumulative effect on serum 
concentrations of follicle ' stimulating hormone 
(p<0 05) but not on luteirusing hormone over the six 
week supplementation period. Individual two week 
food supplements had no measurable effects on either 
hormone. 

•In seven women with the inost pronounced changes 
in vaginal cytology we measiired serum oestradiol 
concentrations weekly. Baseline concentrations were 
<70 pmql/l in all but one womaii, who was retained is 
the study was based on intention to treat. There were 
no appreciable changes in body weight during the 
study. 



Comment 

We aimed to consider whether phyto-oesirogens 
were of consequence in human nutrition. Our study 
gives some indication of the recovery' time from any 
possible effect of ireaunent and also provides fuither 
evidence of causality. Vaginal maturation is a sensitive 
and specific indicator of oestrogenicity. Follicle 
stimulating hormone is less sensitive to weak oestru- 
genie compounds such as phyio-oestrogcns. Weak 
oestrogenic compounds may sometimes act as anti- 
oestrogens, which may affect their usefulness as 



sources of oestrogenic activity. Conversely, tamoxifen, 
an antioestrogen, can have oestrogenic effects on 
vaginal cytology/ 

Patterns of food intake may modulate the severity of 
the menopause as it is an oestrogen deficiency state. 
Up to. half of the diet of some populations may 
comprise foods containing phyto-oestrogens, whereas 
in our study such foods comprised only about 10% of 
energy intake for a fairiy short time. Whether meno- 
pausal symptoms differ in such populatinas would be 
worth investigation. 

We thank our statistical adviser, Steve Farrish, from the 
department of social "and preventive medicine, Monash 
University. 



1 Sctitui DA. *rbe cfTccn ufp&ni vtcstrof^na on munsl rcpmhinian. fTadransr 

l976J5:ltO-3. 

2 Price KR, I'cawicfc CK. Nattmlly occurring oestrogens in foods'^a crvin. 

FoodAiUii Cmtam WWhlOi. 

3 Adkfcnniix H. Pottii T, Raiumn C, tt at. nttermiuttoo of urlnaiy lt(ntis 

and phytDcnrageo metaholim, potential aiuiestraKCos tad anticarcinoxnB, 
in uiitic of wvtnen on vsriotn habittnl diets. J Sunid HtocMm 1 986^1:797. 

4 Fanu«onhNR,BingclAS,Cofddl(;A,CruwFA.ruttgHHS. Pwaniilvilur 

oTptani) 0) sources of new ■nttfcrtUiiy oseaix. Z.J Pkam Stt I973-^JI7>S4. 

5 Fcmzzi H, Cartet li. Mattzrazzo K, MormtUw M. 0«tro{ni-like dha of 

tafDC«i(tiiootbev«(tnaIcptthetium. RrMedJ l977-j:l3Sl-2. 

(A<xtpttit9JmMl990) 



Inadvertent duplicate publication 

Loop diathermy excision of the cervical 
transformation zone in patients with abnormal 
cervical smears 
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The BMJ regreK that much of the material in the 
above article (30 June 1990, p 1690) was substantially 
the same a.s that published previously in Contemporary 
Renews in Obsxetria and Uyrutecology (Redman 
CWE, Buxton £J, Cullimore J, Luc&ley DM. Loop 
diathermy excision of the cervical transformation zone 

- in the management of cervical invacpithelial neupla^. 
1990;2:53-8). The authors did not tell us this when the 
article was submitted, their article did not contain any 
reference to the earlier paper, and all authors signed 
our copyright form, which states, among other thin^, 
that "papen are accepted on condition that they have 
DOi been published by any other journal.*' 

We regret this' inadvertent duplicate publication, 
for which the authors hold sole responsibility, and 
which is in violation of our Instructions to Authors and 

' intenuiionalty agreed guidelines. 



Correction 

Incidence of peptic ulcer disease in Gothenburg, 198S 
An editorial error occurred'in this paper by Dr Ivi-Mai ScbiBn 
arid others (I989;299: II 32). The y axis of figure 1 should readO, 
S, 10, 13, and 20 and not 0, O S, 10, I S, and 2-0 as published. 
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OBJECTIVE INDICATOR FOR THE ASSESSMENT OF 
POSTMENOPAUSAL HOT FLASHES 

Fumio MoCHiMARU» Momohiro Toyama. Yohichi Kanakura and Shuji Inde 
Department of Obstetrics and Gynecology, Hiratsuka Cify Hospital Hiratsuka 
(Director : Ryuichi Nakayama) 

Key words : Hot flashes * Skin temperature recording • Estrogen therapy • Chinese herbal medicine 



Introduction 

The most characteristic symptom in the 
climacterium is the so-called hot flashes which is 
described as a sudden feeling of warmth over the 
face, neck and upper thorax, followed by profuse 
sweating in the same areas, generally lasting a few 
minutes. The subjective nature of this disturbance 
has hampered the standardized evaluation of 
responses to various therapeutic agents, Recent 
studies by Molnar>» and Meldrum et al."> have 
shown that the recording of skin temperature 
changes of the finger provides an objective index of 
hot flashes. The present study was undertaken to 
evaluate an objective method of monitoring post- 
menopausal hot flashes in order to select a patient 
for hormonal therapy. In addition, substitution of 
Chinese herbal medicine for estrogen was also 
assessed in this study because of risk of potentially 
dangerous side e£fects"'"\ 

Patienta and Method 

Fifty patients were studied who were experienc- 
ing frequent severe hot flashes after surgical or 
natural menopause. Only those without other 
complicating illness were enrolled into the study. 
The subjects had not received estrogen therapy for 
at least 4 weeks before study. Skin temperature 
was recorded over the dorsum of the proximal 
phalanx of the third finger of the non-dominant 
hand using Terumo thermister probe and deep body 
temperature monitor. . A continuous recording was 
obtained with Terumo recorder on a alow chart 
(30mm/h.). During the recording, the subjects 
were instructed to press a push-button on the onset 
of each subjective feeling of flushing so that a mark 
was recorded on a chart instantaneously. Then 
the patients completed Cornell Medical Index as a 
screening device for evaluating the emotional state. 
At the same time, venous blood samples were - 
drawn for laboratory examinations. Each of 50 
patients received Premarin (conjugated egulne; 
estrogens) 1.25mg daily for 2 weeks iahd among 
those the 40' patients were then treated With Chinese ' ' 
herbal medicine as an alternative to Premarin for 



recurring hot flashes following discontinuation of 
Premarin treatment. The Chinese herbal medicine 
used in the present study was supplied as dry 
granule of herb extracts by Tsumura Juntendo, Inc.. 
The patient's subjective opinion of treatment 
results was classed as much improved, improved, 
somewhat improved, unchanged or worse after two- 
week treatment. 

Results 

Through the study, the 50 patients were subdivid- 
ed into three groups depending on the pattern of 
skin temperature changes, 

The skin temperature always started to rise on 
each onset of subjective feeling of flushing. This 
pattern of temperature changes represents group 1 
(Fig. 1). 

Coincidence of temperature rise with flushing was 
noted only once through the recording. No other 
correlation was found between them. This pattern 
repreisenta group 2 (Fig. 2). ' 

No correlation betweeri temperature rise and 
flushing was demonstrated through the recording, 
representing group 3 (Fig. 3). 

The effect of Premarin on hot flashes was shown 
in table h In grpup 1, the response of the patients 
to Premarin was remarkable, In group 2, the 
effect was classed as somewhat Improved because 
of insomnia, anxiety and so on. But they were 
successfully treated with tranquilizer combined 
with Premarin. In group 3, the patients failed to 
respond to Premarin ?nd later in all cases, the 
diagnosis qf neurosis was predicated by a 
psychiatrist. 

The relationship betJween the mean levels of each 
hormone measured in each group and the response 

w A twa»Htiii bicauAieiit wao Luuiiu ivj uc mSiRruriLttUi 

'(Table 2). ' 

Unlike modem medicine, In Chinese medicine, 
therapy is indicatedibr a symptom-cbiiiplex rather 
than a disease. Therefore, patients suffering from 
the Mmis diseiase may be given a different medicine ; 
conver^y, patients with different disease may 
receive' £he sanie formula. In this study, herbal 
formulas widely used for climacteric disorder were 
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chosen as an alternative to Premarin and those used 
for nervousness were selected as an alternative to 
tranquilizers. (Fig. 4). . 

As shown in table 3, a satisfactory response was 
obtained with Chinese herbal medicine in the 
patients of group 1 and 2 if hot flashes resulted from 
natural menopause, but no noticeable effect, rather 
discomfort was obtained if hot flashes resulted from 
surgical menopause. In group 3, herbal medicine 
was meffective as was Premarin. ... 



Discussion 

In treating women with hot flashes, it is essential 
to differenciate the cause whether endocrinic or 
neurotic. In this study, neither hormonal analysis 
nor ^ychological testing was found to be effectual. 
On the other hand; skin temperature recording was 
shown to make it possible to evaluate hot flashes 
objectively and to select patients for whom Premar- 
in treatment was expected to be effective without 
other screening aids. 

Additionally, a guide-line of herbal fonnulas for 
hot flashes was suggested and no serious side effects 
naye been noticed. 

Our recommendation, therefore, would be that 
women with hot flashes should be classified depend- 
ing on the pattern of skin temperature changes 
before prescription.(Fig. 5). Where coincidence of 
temperature rise with flushing is noted, Chinese 
herbal formulas should be indicated as a first choice 
11 hot flashes result fi^om natural menopause, 



Clinical group 



1 
2 
3 



No. patients 



Table L Effect of Premarin oh hot flashes 
Skin temp, changes 



30 
15 

. S 



+ 



CMI 



i-ra 
i->iv 



Response to Premarin 



+ : The skin temperature always started to rise on each onset of subjective 
feelinff of flushing. 

± : Coincidence of temperature rise with flushing was occasionally noted. 
" . No correlation between temperature rise and flushing was demonstrated 



much improved or improved 
somwhat improved 
unchanged 



Table 2. 



Concentrations of gonadotropins and stUids in each group 



Clinical group 


No. patients 


FSH* 
(nilU/ml) 


(mlU/ml) 


(pg/ml) 


(pg/ml) 


(PK/ml) 


1 
2 

3 • 

♦ Mean±SEM 


3b 
15 
5 


112. 6± 7.9: 

85.8±io.a ■ 

76,9i:11.2 


131. 1±M 
U3.7±2b.6 
130.3±24.2 


■75;8t.l6'.9 . 
.50*0±16,5. 


23. 8± 4.4 
60.5±23.8 
.13.7± 3.7. 


<5.0p 
.<5.00 
<5.00 
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POSTMENOPAUSAL HOT FLASHES 
Table 3. Effect of Chinese herbal medicine on hot 



Clinical group 


Skin temp, changes 


CMI 


No. success/total (9g) 


Natural menopause 


Surgical menopause 


1 




i-ni 


11/11(100) 


3/I9C16) 


2 


± 


I -IV 


3/3 (100) 


1/3 C3a) 


3 




m-iv 


0/3(0) 


0/1 (0) 
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Fig. 4. Indicatioa of Chinese herbal medicine for 
hot flashes. 
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Fig. 5, Evaluation and treatment of women with 
hot flashes. 
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because of the potential risk of carcinogenesis of 
estrogens; on the other hand, estrogens can be 
prescribed liberally if hot flashes result from sur- 
gical menopause. 

Unless coincidence of temperature rise with flush- 
ing is noted, hot flashes, with few exceptions, 
caused by neurosis should not be treated indis- 
criminately but should be put into the hands of 
psychiatrist. ^ 
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Introduction 

The most characteristic symptom in the 
climacterium is the so-called hot flashes which is 
described as a sudden feeling of warmth over the 
face, neck and upper thorax, followed by profuse 
sweating in the same areas, generally lasting a few 
minutes. The subjective nature of this disturbance 
has hampered the standardized evaluation of 
responses to various therapeutic agents. Recent 
studies by Molnar^* and Meldrum et al « have 
shown that the recording of skin temperature 
changes of the finger provides an objective index of 
hot flashes. The present study was undertaken to 
evaluate an objective method of monitoring post- 
menopausal hot flashes in order to select a patient 
for hormonal therapy. In addition, substitution of 
Chinese herbal medicine for estrogen was also 
assessed in this study because of risk of potentially 
dangerous side efifects*'*"*. 

Patients and Method 

Fifty patients were studied who were experienc- 
ing frequent severe hot flashes after surgical or 
natural menopause. Only those without other 
complicating illness were enrolled into the study. 
The subjects had not received estrogen therapy for 
at least 4 weeks before study. Skin temperature 
was recorded over the dorsum of the proximal 
phalanx of the third finger of the non-dominant 
hand using Terumo thermister probe and deep body 
temperature monitor. . A continuous recording was 
obtained with Terumo recorder on a slow chart 
(30mm/h.). During the recording, the subjects 
were instructed to press a push-button on the onset 
of each subjective feeling of flushing so that a mark 
was recorded on a chart instantaneously. Then 
the patients completed Cornell Medical Index as a 
screening device for evaluating the. emotional state. 
At the same time, venous blood samples were - 
drawn for laboratory examinations. Each of 50 
patients received Premarin (conjugated equine; 
estrogens) 1.25mg daily for 2 wfeeks knd 4mbng *' 
those the 40' patients were then treated witji Chined ' ' 
herbal medicine as an alternative to Premarin for 



recurring hot flashes following discontinuation of 
Premarin treatment. The Chinese herbal medicine 
used in the present study was supplied as dry 
granule of herb extracts by Tsumura Juntendo, Inc.. 
The patient's subjective opinion of treatment 
results was classed as much Improved, improved, 
somewhat hnproved, unchanged or worse after two* 
week treatment. 

Results 

Through the study, the 50 patients were subdivid- 
ed into three groups depending on the pattern of 
skin temperature changes, 

The skin temperature always started to rise on 
each onset of subjective feeling of flushing. This 
pattern of temperature changes represents group 1 
(Fig. 1). 

Coincidence of temperature rise with flushing was 
noted only once through the recording. No other 
correlation was found between them. This pattern 
represents group 2 (Fig. 2). 

No correlation between temperature rise and 
flushing was demonstrated through the recording, 
representing group 3 {FJg. 3). 

The effect of Premarin on hot flashes was shown 
. in table I. In grpup l, th^ response of the patients 
to Premarin was remarkable. In group 2, the 
effect was classed as somewhat Improved because 
of insomnia* anxiety and so on. But they were 
successfully treated with tranquilizer combined 
with Premarin. In group 3, the patients failed to 
respond to Premarin later In all cases, the 
diagnosis qf neurosis was predicated by a 
psychiatrist 

The relationship between the mean levels of each 
hormone measured in each group and the response 
to Premarin treatment was found to be insignificant 
(Table 2). ^ 

Unlike modem medicine, in Chinese medicine, 
therapy is indicated*fbr a symptom^conaplex rather 
tl^n a disease. Therefore, patients suffering from 
the 8aitie;di8ea3e m^y be given a different medicine ; 
conversely, patients with different disease may 
receive' the sanr^e formula. In this study, herbal 
formulas widely used for cllmact>ric.disorder were 
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chosen as an alternative to Premarin and those used 
for nervousness were selected as an alternative to 
tranquilizers. (Fig. 4). , 

As shown in table 3, a satisfactory response wjis 
obtained with Chinese herbal medicine in the 
patients of group 1 and 2 if hot flashes resulted from 
natural menopause, but no noticeable effect, rather 
discomfort was obtained if hot flashes resulted from 
surgical menopause. In group 3, herbal medicine 
was ineffective as was Premarin. ... 
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Discussion 

In treating women with hot flashes, it is essentia] 
to differendate the cause whether endocrinic or 
neurotic. In this study, neither honnonal analysis 
nor psychological testing was found to be effectual. 
On the other handj skin temperature recording was 
shown to make it possible to evaluate hot flashes 
objectively and to select patients for whom Premar- 
in treatment was expected to be effective without 
other screening aids. 

Additionally, a guide-line of herbal formulas for 
hot flashes was suggested and no serious side effects 
have been noticed. 

Our recommendation, therefore, would be that 
women with hot flashes should be classified depend- 
ing on the pattern of skin temperature changes 
before prescription.(Fig, 5). Where coincidence of 
temperature rise with flushing is noted, Chinese 
herbal formulas should be indicated as a first choice 
if hot flashes result from natural menopause. 



Table 1. lEffect of Premarin oh.hot flashes 



Clinical group 


No. patients 


Skin temp, changes 


CMI ' 


Response to Premarin 


1 . 1 

2 . 
3 


30 . 
. s . 


+ 




much improved or improved 
fiomwhat improved 
unchaiiged 



— vu « IOC VII cucn onsei or suDjectivc 

feeling of flushing. . 
± ; Coincidence of temperature rise with flushing was occasionally noted, 
- : No correlation between temperature rise and flushing was demonstrated. 



Table 2. Concentrations of 



find steroids in each ^roup 



Clinical group. 


No. patients 


FSH* 
(mlU/ml) 


LH* 

(mlU/ml) 


. El* ■ 
(Rg/ml) 


(Pg/ml) 


(PR/ml) 


1 
2 
3 


3b 

15 
5 


312. 6± 7.9 * 
85.8±10.1 * 


231. 1± 6.8 
143.7±2b.6 
130.3±24.2 


■ 46,1±.3,5 
■75:8i:.16.9 • 
.50.(i±16.5. 


23.8± 4.4 
60.5±23..8 
.13.7± 3.7. 


<5.0p 
<5.00 
<5.00 
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Clinical group 


Skin temp, changes 
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Fig. 4. Indication of Chinese herbal medicine for 
hot flashes. 
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Fig. 5. Evaluation and treatment of women with 
hot flashes. 
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because of the potential risk of car(:inogeneais of 
estrogens; on the other hand, estrogens can be 
prescribed liberally if hot flashes result from sur- 
gical menopause. 

Unless coincidence of temperature rise with flush* 
ing is noted, hot flashes, with few exceptions, 
caused by neurosis should not be treated indis- 
criminately but should be put into the hatiids of 
psychiatrist. 
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HemeUung fester Armciformen aus TrockcnexUaktcn 385 



Nach § 4 AMG sind Fertigarzneimiitel 
Arzneimiuel, die im voraus hergestelU 
und in einer zur Abgabe an den Verbrau- 
cher besiimmten Packung in den Verkehr 
gebrachl werden. Insofern zahlen pflanzli- 
che Arzneizubereitungen wie abgepackte 
Teemischungen, tassenfertige WirkslofT- 
extrakte sowie manche Fluidextrakte oder 
Tinkiuren zu den Fertigarzneimitieln. In 



den meisten Fallen aber handelt es sich 
urn Zwischenprodukte oder Halbzeug, die 
zu flusslgen oder festen Arzneiformen 
weiterverarbeiiet werden mussen. Die 
dabei auflretenden Schwierigkeiten sind 
haufig groBer als bei der Verarbeilung von 
EinzelstofTen natiirlichen oder syntheti- 
schen Ursprungs. 



7.1 Herstellung fester Arzneiformen aus Trockenextrakten 



Die Verarbeilung von Pflanzenextrakten 
2u Weichgelatinekapsein verursachl im 
allgemeinen keine besonderen Schwierig- 
keiten. Die meist hydrophilen Exlrakte 
lassen sich fein gepulvert leichl mit lipo- 
phiien Dispersionsmitteln in pumpbare 
Suspensionen uberfiihren und nach dem 
Scherer-Verfahren verkapseln. 
Dagegen siehen einer Direklabfullung in 
Hartgelatinekapseln die schlechlcn FiieB- 
eigenschaften der meisten Trockenex- 
irakte entgegen. Lyophilisierte und spoih- 
getrocknete Extrakte sind dariiber hinaus 
yiel zu voluminos, d. h. ihre Schuttdichle 
fsl zu genng, um jeweils eine Einzeldosis 
m Kapsein der ubiichen GroOen abfullen 
zu konnen. Es muB also wie bei der Her- 
stellung von Tabletten (s, u.) granuliert 
werden. 

Zu den vorstehend erwahnten schlechten 
HieBeigcnschaften und der geringen 
:>chutldichtc kommen noch die meist 
ausgepragie Hygroskopizitat und der hau- 
"8 sehr tief liegcnde eutekiische Punkt der 
a^s Vielkomponeniensysieme vorliegen- 
aen Extrakte, Gerade diese EigenschaAen 



erschweren die Tablettierung und machen 
eine Direktverprcssung meistens unmog- 
iich, 

Schon sehr friih bemiihte sich die Arbeils- 
gemeinschaft Fur Pharmazeutische Ver- 
fahrenstechnik (APV), brauchbare Vor- 
schriAen zu erarbeiten. In Tab. 7.1 sind 
die in einem Fortbildungslehi^ng 1961 (s. 
7.4,1) verwendeten Rezepluren wiederge- 
geben. Sie sind gekennzeichnel durch den 
Zusau von hochdisperser Kieselsaure, 
Aerosil-*, das die Hygroskopizitat der Ex- 
trakte mindcrl und das Pulver auflockert, 
Auch die Verwendung von hydrophobier- 
lem Aerosir R 972 wurde beschrieben. 
Befriedigende Tabletten wurden nach fol- 
gender Vorschrift erzielt (7.4.2): 

Trockenextrakt (+ 5% Aerosil*^ R 972)45 % 
KartofTelstarke \q % 

Aerosil* R 972 2 % 

Talcum siliconisatum 3 % 

Das hydrophobierie Aerosir R 972 wird 
mil dem Extrakt gcmischt. Es soli den 
hygroskopischen Extrakt vor dem Eindrin- 
gen von Wasser und damii vor dem 
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Tab. 7.1: Rezepturen Pur die Extrakt-TablcUen nach 7.4. t 



ModellvorschriO: 



POanzenextrakt (Extract vegel.) 

Aerosit punim 

Amylum solani 

gut vcrmischen und sieben 

Durchfeuchten mil Glycerinalkohol 2% tg 

Granulation mtt Cetyl-Isoprapanol 10% ig ca. 20,0 = 

Dispergierung 

Trocknung 



AuQere Phase Gleitmittcl 



1000 Kerne k 0^ 



VoTSchrinen: 



AESCULUS COMP. 0»2 

A I Aneurin Vitamin Bl 

Extract Aesculi hippocast 

Extract. Hamametis 

Aerosil pur. 

Amylum solani 
a durchfeuchten mit Glycerin Isopropanol und abtrocknen 
b Feuchtgranulation Cetyt Isopropanol 10% ca. 20,0 
c Dispeiglemng und Trocknung 



B 



AuQere Phase Gleitmittel 



1000 Keme d 0.2 



CARDIOTONICUM 0^6 

A I Rutin 

Extraa Craicgii 1 + 1 

Extract Visci 

Extract Allii 

Amyl. solani 

Aerosil purum 
a in einem Mixgerat gut mischen und sieben 
b durchfluten mit Glycerin Isopropanol 2%ig q. s. 
c Trocknen 

d Granulation mit Cctylisopropanol 10% ig ca. 20,0 
e Dispergierung und Trocknung 

B AuQere Phase Gleitmittel 



1000 Keme & 0,26 



150,0 
20.0 
20.0 



2,0Tr.S, 



8,0 



200,0 



2,0 
123,0 
25.0 
20,0 
18,0 

2,0Tr. S. 



10,0 



200,0 



20,0 
90,0 
35,0 
35,0 
38,0 
30,0 



2,0Tr.S. 
10.0 



260.0 



Tab. 7.1 :(Fortscty.un- 

SEDATIVUM 

I Extract. Va 
Aerosil pui 
Amytum 
a Durchfcuc! 
b Granulatio 

c Dispcrgier 
B AuBcre PI 



HEPATICUM-C 

A I Extract,? 
Pel. lauri 
Rhiz. cur 
Extract, i 
Extract. < 
Extract 
Extract 
Aerosil 
Amylunr 
a imMixj 
b durchflu 
c Feuchtg 
Cctyliso 
d Disperg 

B AuQere 



laxativun: 

A I Extraa 
Extrac 
Extrac 
Diacet 
Pel ta 
Aeros: 
a Durch 
b Gram 

c Dispe 

B AuBe 
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Tab. 7.l:(Fortseuung) 



'.50,0 
20,0 
20,0 



2.0Tr.S. 



00,0 



2.0 
23,0 
25,0 
20,0 
18,0 

2,0Tr.S. 



10,0 



i 

(5.0 
!8.0 
i0,0 



2,0 Tr S. 

0,0 
0.0 



SEDATIVUM 

A 1 Extract, Valerianae 

AerosU pur 

Amylum.solani 
a Durchfeuchtcn tnit Glycerin Isopropanol und abtrockncn 
b Oranulalion mil Ceiyl Isopropanol 10% 

20.0 

c DisperBierung und Trocknung 
B AuBere Phase Gleitmittei 



,1000 Kerne a 0,2 



hepaticum<;holagogum 0,29 

A 1 Extract, aloes 
Fel. tauri 
Rhiz. curcum. 
Extract gentian. 
Extract, chelidonii 
Extract chinae 
Extract cynarae 
Aerosil 

Amylum solani 
a im Mixgerat gut vermischen und siebcn 
b durchfluten mit Glycerin Isopropanol qu. 
c Feuchtgranulation 

Cetylisopropano) ca. 30,0 
d Dispcrgicrimg und Trocknung 

B AuBere Phase Gleitmittei 



1000 Kerne h 0^9 



LAXATIVUM COMP. 0,21 

A 1 Extract aloes 
Extract rhei 
Extract, cascar. sagrad. 
Diacetyldioxyplenylisatin 
Fel. tauri sice. 
Aerosil pur. 

a Durchfeuchten mil Glycerin Isopropanol und abtrockncn 
b Granulation mit Cciyl Isopropanol 10% 

ca. 10,0 

c Dispeigicrung und Trocknung 
B AuBere Phase Gleitmittei 



10OOKcmcfiO,21 



150,0 
20,0 
20.0 



2.0 

8.0 
200,0 



60,0 
20,0 
50,0 
15.0 
10,0 
10,0 
50,0 
35,0 
27,0 



3.0 Tr. S. 
10.0 



290,0 



60.0 
60,0 
25,0 
5.0 
15,0 
24.0 



l,OTr. S. 
10,0 



210.0 
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Verkleben schutzen. Diese Vormischung 
wird mit den anderen Bestandteilen ver- 
mischt und brikettiert. Die Briketts war- 
den zerkleinert und folgende weitere Be- 
standteile hinzugemischt: 

Granulatum simplex 35 % 

Talcum siliconisatum 3 % 

Aerosil compositum 2 % 

Die resultierenden Tableiten haben be! 
einer Bruchfestigkeit von 2 kg • cm-2 eine 
Friabilitat von 0,75 % bei einer Zerfallszeit 
von weniger als 6 Minuten. 
Crippa (7.4.3) hat Formulierungsfakioren 
am Beispiel eines Cascara-Trockenextrak- 

T»b. 72: Tablettenrezeptur fur Cascarra-Extrakt 



tes eingehend unlersucht. Er konnte zei- 
gen, daG die Verwendung von Wasser an 
Sielle von Chloroform als Granulierflus- 
sigkeit mit Polyvinylpyrrolidon als Binde- 
mittel bei sonst unveranderter Rezeptur 
zu einer starken Erhohung der Zerfallszeit 
fiihrl. 

Zur Erzielung einwandfreier Tabletten 
wird auBerdem der Zusatz von kolloidem 
Siliciumdioxid und Meihylencasein vorge- 
schlagen, die eine Senkung der Zerfallszeit 
bcwirken. 

Einen Rezepturvorschlag gibl Tab. 7.2 
wieder: 



Zusammensetzung 


Mengen/Tabl 


Cascara-Trockenextrakt, granuliert 
Lactose 

Magnesiumstear&t 
koUoidales Siliciumdioxid 
Mikrokristalline Cellulose 


125 mg 
60 mg 
l»5mg 
5 mg 
8^mg 


Tablcttengewichl 


200,0 mg 


KSrte 

Friabilitat 

Zerfall 


30-35 N 
0^% 
10-15 min 


TabeUe 7 J: Baldriancxirakt-Tablettcn 


Zusammensetzung 


Rezeptur 
Nr. 1 Nr. 2 
(Mengen in %) 


BaJdrianextraki, gefriergctrocknet 
koUoides Siliciumdioxid*** 
mikrareine Cellulose, granuliert* 
mikroreine Cellulose, gepulvert** 
Reisstarke 


20,0 40,0 
1,0 KO 
59.0 40.0 
20,0 9.4 
9,6 


Tablettengewicht 


250 mg 122 mg 


Zerfallszeit 
Bruchfestigkeit (Heberiein Tester) 
Frialilitat (Roche-Friabilator) 


18 min 4 min 48 s 
170 N 58 N 
0,05 % 0,05 % 


• Elcema G 250. ** Elcema P 100» *•♦ Aerosil 200 



Crippa (7.4.3) ziel 
daraiif ab, durch 
bentien wie ho* 
Wasser zu binder 
gewisse Porosiiai 
Effekt v^ird durcl 
mikrofeiner Gel 
Sprengmitlel not 

Und BORNKESSEL 

Tabletten mit eii 
Baldrianextrakt 2 
7.3 zeigl ihre Erg 
Das veranderte 
drianextrakt/Elce 
mit dem niedrige 
Bruchfestigkeit) : 
irakthallige Prodi 
zeiten und Fris 
Lagerung erhalte 
Der positive EinI 
mikrokristalliner 
nen Versuchen ( 
Tabletten bestati 
aufierdem festge 
lich von Keymei 
Hydrophobierun 
Auflockerung n 
der Vorzug zu g 
siumstearatzusat 
zeigt gegeniibet 
Siliciumdioxid t 
geringere Hygrc 
fiihrt die Vermal 
gen Stinmiihte 
10-15 %Magne: 
lichen Herabset 
Das anfallende 
flieBendes Pulv. 



Er konnte zei- 
von Wasser an 
5 Granuliedliis- 
idon als Binde- 
lerter Rezeptur 
der Zerfallszeit 

eier Tablelten 
von kolloidem 
cncasein vorgc- 
der Zerfallszeit 



t Tab. 7.2 



abl. 



mg 



tin 48 s 



Chippa (14.3) zielt bei seinen Vorschlagen 
darauf ab. durch den Zusatz von Adsor- 
bentien wie hochdisperser Kieselsaure 
Wasser zu binden und dem PreBIing cine 
gewisse Porosital zu verleihen. Dieser 
EfTekt wird durch die Verwendung von 
mikrofeiner Cellulose als Full- und 
Sprengmillel noch versiarkt, wie Graf 
und BORNKESSEL {7.4,4) am Beispiel von 
labletlen mit einem gefriergelrocknelen 
Baldnanextrakt zeigen konnten. Tabelie 
/.3 zeigt ihre Ergebnisse. 
Das veranderte Mengenverhaltnis Bal- 
dnanexirakt/Elcema fiihri in Verbindung 
mit dem niedrigeren PreBdruck (geringere 
Bruchfestigkeit) zu Tablelten mit fur ex- 
trakthaltige Produkte sehr guten Zerfalls- 
zeiten und Friabilitaten, die auch bei 
Lagerung erhalten bleiben 
Der positive EinfluB von mikrofeiner und 
mikroknstalliner Cellulose konnte in eiee- 
nen Versuchen (7.4.5) mit extrakthaltigen 
Tablelten bestatigt werden. Dabei wurde 
auBerdem festgestellt, daB der ursprung- 

Snrrh'!'''''' ^^-^-^^ vorgeschlagenen 
Hydrophobierung des Extraktes vor der 
Aunockerung mil kolloider Kieselsaure 
der Vorzug zu geben ist. Ein mit Magne- 
siumstearatzusatz vermahlener Extrakt 
zeigt gegenuber einem mit kolloidem 
irliciumdioxid behandelten eine deuilich 

mh^!,^^/"^^'°'*'^P^*^'^^*- Offensichtlich 
fuhrtdieVermahlungaufeinerhochtouri- 
fn^K i; xl?"*"'" Gegenwert von ca. 

% Magnesiumslearai zu einer deul- 
nchen Herabselzung der Benetzbarkeii. 
Das anfallende Produkt ist ein lockeres, 
njeBendes Pulver. Dicse Maflnahmen in 
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Kombination mit der Verwendung von 
mikroknstalliner oder mikrofeiner Cellu- 
lose konnen fur eine Vielzahl von Exlrak- 
ten zur Tablettierung empfohlen werden. 
Die Verwendung von Magnesiumstearat 
wira naturlich die Frage nach der Biover- 
rugbarkeit auf. Bekanntiich kann durch 
hydrophobierende Substanzen sowohl die 
Zerfallszeit als auch die Auflosungsge- 
schwindigkeit negativ beeinfluBl werden 
In diesem Zusammenhang ist eine Arbeit 
von Burger und Dialer (7.4.6) interes- 
sam. Die Autoren untersuchten eine 
Reihe von Baldrianwurzein enthallenden 
Handelspraparaten auf ihre Zerfallszeit 
und Auflosungsgeschwindigkeil. 
Die Praparatereihe wurde ausgewahlt, weil 
man bei einem Schlaf- und Beruhigungs- 
mitiel einen schnellen Wirkungseintritt 
wunschi und deshalb an kurzen Zerfalls- 
zeilen und schneller WirkslofirreiseUunc 
mteressiert ist. 

Alle Praparale waren Zuckerdragees Die 
Aufdragierung betrug zwischen ca. 400 
und 800 % bezogen auf das Kemgewicht 
was ofTensichtlich zur Geruchsabdeckung 
nolwendig ist. Von alien acht untersuch- 
ten Handelspraparaten erruilie nur eines 
die Anforderungen der Arzneibucher an 
die Zerfallszeit. Aufgmnd der ermitielten 
Auflosungsgeschwindigkeiten kommen 
die Autoren zu dem SchiuB, daS fiir 
Trockenextrakte enthaltende fesle Arznei- 
zubereiiungen in kunftigen Arzneibu- 
chem eigene Monographien geschaflen 
werden sollten. Fiir die Bioverfugbarkeit 
solcher Zubereiiungen sei ausschlieBlich 
die Zerfallszeit relevant. 
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ASHP Statement on Unit Dose Drug Distribution 



Tlie unit dose system of medication distribution is a phar- 
macy-coordinated method of dispensing and controlling 
medications in organized health-care settings. 

The unit dose system may differ in form, depending on 
the specific needs of the organization. However, the follow- 
ing distinctive elements are basic to all unit dose systems: 
medications are contained in single unit packages; they are 
dispensed in as ready-to-administcr fonn as possible; and for 
most medications, not more than a 24-hour supply* of doses 
is delivered to or available at the patient-care area at any 
time.'-^ 

Numerous studies concerning unit dose dnig disb-ibu- 
tion systems have been published over the past several 
decades. These studies indicate categorically that unit dose 
systems, with respect to other drug distribution methods, are 
( I ) safer for the patient, (2) more efficient and economical for 
the organization, and (3) a more effective method of utilizing 
professional resources. 

More specifically, the inherent advantages of unit dose 
systems over alternative distribution procedures are 

1* A reduction in the incidence of medication errors. 
2* A decrease in the total cost of medication-related 
activities. 

3. A more efficient usage of pharmacy and nursing per- 
sonnel, allowing for more direct patient-care involve- 
ment by pharmacists and nurses. 

4. Improved overall drug control and drug use monitoring. 

5. More accurate patient billings for drugs. 

6. The elimination or minimization of drug credits. 

7. Greater conu-ol by the pharmacist over pharmacy 
workload panems and staff scheduling. 

8. A reduction in the size of drug inventories located in 
patient-care areas. 



9. Greater adaptability to computerized and automated 
procedures. 

In view of these demonstrated benefits, the American 
Society of Hospital Pharmacists considers the unit dose 
system to be an essential part of drug disuibution and control 
in organized health-care settings in which drug therapy is an 
integral component of health-care delivery. 

References 

1. Summerfield MR. Unit dose primer. Bethesda, MD: 
American Society of Hospital Pharmacists; 1983. 

2. American Society of Hospital Pharmacists. ASHP 
technical assistance bulletin on hospital drug 
distribution and control. Am J Hosp Pharm. 1980; 
37:1097-1103. 



'In long-term care facilities, a larger supply of medication (e.g., 48 
or 72 hours) may be acceptable. 

Approved by the ASHP Board of Directors, November 16, 1988. 
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previous versions approved by the House of Delegates on June 8. 
1981. and by the Board of Directors on April 19, 1975, and 
November 13-14. 1980. 
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All rights reserved. 
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Vorwoli zur 5. Auflage 



Die freundliche Aufnahme, die die Erst auflage des Lehrbuchs der pharniazeutischen 
Technologie (1973) iiu In- iind Ansland fand, fiihrtc innerhalb des vergangenen Jahr- 
zehntSj bedingt dnrch Lizenz- und "Obersetzungsauflagen. zu insgcfamt 10 Aus- 
gaben. Hierbei erfiihr das Bnch eine kon tinnier! it-he t)berarbeit ung iind eine stand ige 
Anpassnng an die jcweilige Arzneibuchsituation des A'ertriebsraiims. 
Die vorliegende 5. Auflage ist vollig i'rberarbeitet und vielfach erweitert word en. 
Von den vorgenonniienen Veranderungen sind niehr oder weniger alle Kapitel be- 
troffen. Erganzt wnrden vor alleni die KapiteJ Statistische Versuchsplanung, Trock- 
nen, Granuliening, Aiigenarzneien, Ennilsionen, Suspensionen, Aerosole, PfJanzen- 
extraktion. NeugefaBt. sind die Kapitel Kapseln, Entkeinuingsfiltration, Aseptisches 
Arbeiten sowie Loslichkeit, Losimgsgeschwindigkeit, Losungsverbesserung. Neu 
gestaltet, aktualisiert und erweitert. ist der Buchteil Biopharmazie einsehliefllich 
Therapentisibe Svstenie. Ein Kapitel Potentielle Arzneifornien wurde angefiigt. 
Eine Anzahl Tabellen entfielen, eine et.wa gleich grofie Zahl wurde neu aufgenom- 
nien, 

Ein Austausch ergab sich auch bei den Abbildungen, dariiber hinaus aber erfolgten 
Kenaufnahnicn, so dafi sich die Zahl der Abbildungen von 264 auf 279 erhohte. 
Der Hauptteil des Buehes, der die Prinzipien und den gegenwartigen Stand der 
pharniazeutischen Technologie wiedergibt, ist frei von Beziagen zu national en und 
dam it niir regional verbindlichen gesetzlichen Festlegungen. Da andererseits das 
jeweils giiltige Arzneibnch in die pharniazeutisch-technologische Hochschulaus- 
bildung und Weiterbildung sowie in die tagliche Arbeit von phannazeutischen Techno- 
Jogen in Foj-schimg und Arzneiniittelproduktion voll einbezogen ist, sind konkrete 
Angaben hieriiber unerlafilich. Die iin Anhang aufgefiihrten und den Kapiteln des 
Hauptteils zugeordneten phamiazeutisch-technologisch relevanten Aj^neibuchaus- 
ziige sollen den» Leser den Zugriff zu diesen Informationen erleichtem. Die im An- 
hang zusaniniengestellten Definitionen, Angaben, Priifungen und Praparate be- 
ziehen sich nunniehr auf die neueste Ausgabe des Arzneibuchs der Deutschen Demo- 
kratischen Republik (AB-DDR 83). Die hier fi:^ierten Festlegungen entsprechen 
zugleich weitgehend deni Compendium Medicamentornm des Rates fiir gegenseitige 
Wirtschaftshilfe {CJI-RGW). 

Die neue Auflage ist hinsichtlich der Schreibweise chemischer Begriffe umgestellt 
worden, wo bei die Enipfehlungen der lUPAC zur chemischen Nomenklatur weit- 
gehend Beriicksichtigung fanden. 

Neben den 5I-Einheiten (Syst^me International d'Unites) sind auch in dieser Auf- 
lage die alten Einheiten weiterhin angefiihrt', da in der gegenwartigen Obergangs- 
]ihase zwangslaufig Meflmitt-el niit Skalenteilung in bisherigen Einheiten in Ge- 
braiich sind, zudem ist eine konsequente Anwendung der neuen Einheiten in den 
Arzneibiichern nur langfristig moglich. 

Allen Faohkollegen, die niir Hinweise und Anregungen fur die neue Auflage zukom- 
uw.n liefien und die weitgehend Berucksichtigung fanden, danke ich verbindlich. 



Wie bei den vorangegangenen Auflagen erhielt ich aiich diesinal bewahrte Unter- 
stiitzung. Zu danken habe ich Herm Dr. sc. nat. M. Bor>-schein- fiir Diskussionen 
und engagierte Mitarbeit und Herrn Cheni.-lng. H. DoHyERT fiir die zeichnerisihe 
Gestaltiing der neu aufgenommenen Abbildnngen. Dem Verlag und insbesondere 
der Lektorin Fran Dipl.-Biol. Lieseuote Wietstruck gilt niein Dank fiir alle Be- 
niiihungen und fiir eine erfreuliche Zusaniiiienarbeib. 

Berlin VoiGT 



Vorworl zur 1. Auflage (gekiirzt) 



Unter den Disziplinen der Arzneinuttelwissensthaften hat sich die pharmazeu- 
tische Technologie in den letzten Jahrzehnten aiu stiirksten eiitwickelt. Sie ging aus 
der galenischen Pharmazie (Galenik) hervor, worunter man die iiberwlegend in der 
Apotheke vorgenoniniene Arzneianfcrtlgnng nath arztlithen Rezepten und nach 
Vorschriften der Arzneibiicher verstand. Ureigenstes Anliegen der Pharmazie war 
von alters her, Arzneistoffe zu geeigneten, gehrauthsfertigen Arzneizubereitungen 
(Arzneifornien) zu verarbeiten und dam it Applikationsformen zu schaffen, die am 
Patienten zur Anwendung kommen. Jn Immer starkerem MaDe verlagert* sich in 
neuerer Zeit die Herstellung von Arzneiformen in den halbindustriellen und indu- 
striellen Bereich. Damit loste sich das Fach endgiiltig von dur oft noch auf Empirie 
beruhenden Herstellung von Arzneizubereitungen, deren Palette sich wesentlich 
durcb inoderne Arzneiformen erweiterte. Neue Wirkstofftrager imd Hilfsstoffe, neu 
entwickelte Arbeitsverfahren und der hiermit verbundene strindige Fortschritt auf 
dem SektK)r der Apparat^-, Maschinen- und Automatentechnik sowie die konti- 
nuierliche Verbesserung der Methoden imd Geriite zur Priifung von Amieifornien 
gaben diesem pharmazeutischen Fachgebiet, fiir das im internationalen Rahmen 
auch weitere Bezeichnungen, wie Arzneiformen technologie, Arzneiformung, phar- 
mazeutische Technik, pharmazeutische Verfahrenstechnik n. a. iiblich sind, ein 
neues Profil. Bei der Schaffung optimaler Arzneiforuten sind dariiber hinaus in 
jedem Falle auch biopharniazeutische Aspekte in der pharu)azeutischen Technologie 
zu berucksichtigen, da die Wirkungsintensitiit und -dauer eines Arzneistoffs ini 
wesentlichen Ma6e dnrch die Arzneiform, und zwar sowohl durch die eingesetzten 
Grund- und Hilfsstoffe als auch durch die angewendete Verfahrenstechnik beeinfluB- 
bar sind. 

Das vorliegende Bnch beinhalt^t alle Teilgebiete der pharmazeutischen Techno- 
logie, wobei es darauf ankam, sie in eineni ausgewogenen Verhaltnis zur Darstellung 
zu bringen. Die Stoffiille und Heterogenitat des Fachgebiets erforderte eine konse- 
quente Begrenzung des Darzubietenden und eine Konzentrierung auf das Wesent- 
liche. So wurde bewuBt auf die Erort^rung einiger alterer, nicht mehr zeitgemaBer 
Arzneizubereitungen verzichtet. Den Unifang der Darstellung der Einzelarznei- 
fornien bestimmte die jeweilige Bedeutung und der Entwicklungstrend. Den theore- 
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7.7.5. Haftfcstigkeit 1^ 

7.7.0. Aufsougvermugen 151 

7,7.7. .Ailsorpcionskinfi l'"»l 

8. Tabletten 

8.1. AUgemeincs l!>2 

8.2. DirckttablettieruDg 

Sr2A. .\llgemeines 154 

S.2.2. Hilfsstoffo 155 

^^.2.-M. AUgemeincs 155 

S.-2.2r2. Stilrko i''-^ 

Cellulose I"'5 

S.'2.'JA. Hoch<lisi>cr6CS yilicium(lioxi«1 i5ti 

t!.-'.J..>. ^lilchztickcr (Lactose) 150 

8.3. Gramilierwng I5G 

S.:M. AI!gcmoina*; 15ti 

$.:].-2. Abbaugninulicning 

{>.:l.:.M. Fcuclttgrftnuliciuiif: 15S 

iJ.o.2.1.1. Bimluiigsiirinzipien J"»i* 

ti.:l,2.1.1.1. KT;iJ«t''ngmmilat^ l***"^ 

8.x 2. 1. 1.2. Klobst-offgmnulatc 1*»S 

S.o.2.1.1.3. tiinteigrunuluto • 1 

S..'1.2,1.2. Hrrst-ellungsprinzipicn 1*»-' 

.S.:;. 2. 1.2,1. rivUgiaimlalc I'*'* 

SX2^.2.•2. ScIum«lgrnnu]ato 1«" 

S. 3. 2. 1.2.3. Lo^*iiscIieibnng»anulate 100 

S.3.2.I.O. . Trockming *.lcr Granulate H'l 

.S.3.2.2. XrockcngriinuMmmg 1'^- 

.S.:t.'J.o. TlmnnopliisliimnuliuTmi^r 1^- 

Aiifbiiugvaniilif^runp 1*5- 

8.:}.:t.l. i'xi'unnUcrutig ill 4lcr (irannliortronuncl 1***^ 

S.:;.:j.2. Ke.«3elgrnnnlicrnng 1^3 

.S.o.:l.3. Grannlierinig im Granuliort^'ncf i04 

S.:».:i.4. Wirlx'lscliioliigramiliormifr 

S.o.:1.5. Sprubt-rocknuiigsgmniili'Mnng 

5.5.0. G. .Spiu I icrstarning.sgr.aniil idling 

S.?J.;V7. Mischerpranulierun.q 

SAA, 'Bindun^.'.'itncchanismcn 1*^^ 

S..^..i. 0 rn n u In tprufunfi 1®'* 

8.4. Kompiimicrung '**'^ 

a.d.l. Komprimicrvorgiiug l|j^ 

5.4.2. Tfiblottenpi-c^ijen l^f* 

8.4.2.1. Exznnterprp.cRcn 1"® 

5.4.2. 2. RuntUiiuferprc^scn (R^tjifciominnsciiincn) l^'l 

5. 4.2.3. Hondpressen 

5. 4.2.4. .Speziclle Tablcttiorrinrichtungc n 1*2 

5.4.3, riiysikftlieche Voi-giinge umOreBvoil'akrcn 1^4 

8.5. Hilfsstoffe zur Tabletticrung I'S 

8.5.1. Allgemoinci? ^''^ 

8.3.2. FiiUraitt-el 



8.5.3. Bindemittel 

5.5.4. Gleitmittel "8 

• FlieBregulierungsmittel 

8.6.4.2. Schmiermittel 

8.5.4.3. Formentrennmittel 

8.6.5. Zerfallamittel [ 
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22. Wafirige Ausziige, Tinkturen, Extrakle 



22.1. Allgcmeines 

Seit Urzeiten dienen pflanzliche und tieriflche Drogen bzw. hieraus durch Extrak- 
tion hergesteWte Arzneizubereitungen zur HeUung von Mensch und Tier. Auch 
heute, wo in iramer starkerem MaBe synthetisch gewonnene Arzneimittel zu Arznei- 
formen verarbeitet werden und die Betnuhungen dahin gehen, moglichst chemisch 
und pharmakologisch eindeutig definierte Arzneimittel therapeutisch einzuseteen, 
bilden Drogen nach wie vor in erheblichem Umfang das Ausgangsprodukt fiir Arznei- 
formen. Allerdings entfielen urspriinglich etwa 70-80% der Arzneibuchartikel auf 
pflanzliche Drogen, heute weisen die europaischen Pharmakopoen nur noch emen 
Anteil von 10-20% auf. In den USA liegt der AnteU bei 5 %. Klanzliche Wirkstoffe 
werden in den letzten Jahrzehnten in zunehmendem MaBe zunachst in reiner Form 
isoliert und dann zu entsprechenden Arzneipraparaten verarbeitet. Dennoch ist die 
Zahl der pharmazeutisch genutzten Zubereitungen hoch, in denen die aus dem Drogen- 
material gewonnenen Wirkstoffe als Komplex vorliegen. Die Drogenkoniponenten 
kommen in diesen Fallen in mehr oder weniger „ungereinigter" Form zur Anwendung. 
Auch in den neuesten Pharmakopoen ist die Zahl der pflanzlichen Zubereitungen, 
wenn auch eine Riicklaufigkeit zu verzeichnen ist, bemerkenswert. Beriicksichtigt 
man sowohl die galenischen Zubereitungen als auch Reinstoffe, bei denen Pflanzen 
das Ausgangsmaterial darstellen, so weisen die mitteleuropaischen Arzneibiicher emen 
Anteilvonrund40%auf. u t 

Durch Drogenextraktion gewonnene Arzneiformen sind in der Vergangenheit z. 1. 
durchaus berechtigt in Mifikredit gekomraen. Es muB eingeraumt werden. daB nicht 
alle auch heute noch gebrauchlichen Zubereitungsformen als zeitgemafl emzu- 
schatzen sind. Bei manchen ist die Haltbarkeit der Wirkstoffe nicht in ausreichendem 
MaBe zu sichem, bei anderen liegt keine optimale Stabilitat der Arzneiform selbst vor. 
Eine chemische Standardisierung und Norraung pflanzlicher Praparate war zudem in 
der Vergangenheit recht kompliziert, so daB eine hinreichende qualitative und quanti- 
tative Erfassung der Wirkstoffe nicht immer moglich, zumindest aber sehr arbeits- 
auf wendig war. Auch die Ausgangsdrogen waren im Hinblick auf ihre qualitative und 
quantitative Wirkstoffzusammensetzung und auf ihre Haltbarkeit selbst m Arznei- 
buchnionographien nicht eindeutig fixiert. 

Mittels pharmakologischer Testungen sind Reinsubstanzen erfahrungsgemaB recht 
gut zu beurteUen. Bei Wirkstoffkomplexen, wie sie in Drogen und den hieraus ge- 
wonnenen Arzneiformen vorliegen, sind dagegen verbindliche Aussagen meist nicht 
zu treffen, so daB von pharmakologischer Seite eine konkrete Bewertung dieser Arznei- 
formen kaum zu erwarten war. Nicht selten lehnten Pharmakologen aus den genann- 
ten Grunden durch Drogenextraktion gewonnene Arzneiformen ab und wiesen ihnen 
oftmals lediglich eine Plazebowirkung zu. Das geschah selbst dann, wenn es sich urn 
offensichtlich seit Jahrhunderten in der Therapie bewahrte Zubereitungen handelte. 
So war es z. B. mangels geeigneter pharmakologischer Methoden nicht moglich, die 
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.edative Wirknng des Baldrians und seiner Ziibereitungen zu erfassen Oft wurde 
daher diesen, ai.cli in der Volksheilkunde geschatztem M.ttel von d.eser Se.te jeglicher 
thereueutische Effekt abgesprochen. Erst in nenerer Zeit gelang die Isolierung und 
Sarstei ung des wirklamen Prinzips des Baldrians. Hierbe. handelt es sich u„, 
V^rCdun«n. die als Valepotriat* bzw. Halazuchrome bezeichnet werden. sind 
in der I)r<|e in Mengen zwischen 0.5 und 2% enthalten und mfolge .hrer Alkohol- 
esHchkeit to entsprechende Arzneiformen uberfi.hrbar Die therapeuf sche W.rkaan,- 
kelt von Arzneiformen rait ausreichenden. Gehalt an d.esen Inhaltsstoffen des Bal- 
drians steht nunmehr auBer Frage. u j- tw .u ^ 

Heute unterliegen pflanzliche Ar^neibuchzubere.tungen v.-.e auch die Drogen selbst 
etoer esakten chemischen t^berpriifung. Moderne ana ytische Verlahren n.cht zulet^t 
dte mnnschicht^hromatographie, geben in qual.tat.ver und quant.taUver Hmsicht 
GewShr fiir eine weitgehende Standaniisierung der Praparat.on. Dennoch mtihI d.e 
Frage bestehenbleiben. ob es im Einzelfall giinstiger .st eme Arzne.forn, m.t e.ner 
chemisch reinen Verbindung z..r therapeutischen Anwendung zi. bnngen oder euie 
Arzneiform mit einein pflanzlichen Vielstoffgeinisch. , . j „ . . 

Ln allgemeinen kann pflanzlichen Zubereitungen nachg^gt werden. daB sie e.ne 
i^de fber durchaus siohere Wirkung erbringen Pflanz .che Lasant.en werden z B 
Siials .nehr gesch&tzt als synthetische AbfUhr.u.tt^l Wahrend be. synthetisch 
gewonnenen Verbindungen Nebenwirkungen in .mmer starkerem MaUe festzustellen 
ffnd fehlen diese bei Arzneifor.nen, die a,.s pflanzhchen Matenal.en gewonnen werden. 
^"s Positivam fiir die letzteren wird oft.nals angefiihrt. daU sich die koinp e« Wir- 
^„g di du ch die Vielzahl der vorliegenden Inhaltsstoffe bedingt ,st. als Vorte.1 
3e Gesamtwirkung erweist. Sicherlich wird der therapeut.sehe Effekt e.n anderer 
Sicherweise auch lin giinstigerer sein, wenn n.cht nur e.n .sol.ertes Arzne.nuttel 
auf den Organismus einwirkt. sondem Haupt- und ^ebensto^fe geineinsam ag.eren. 
Wesentlich ist, daB auch in der Arzneiforn. vorhegende Pflanzen.nhaltsstoffe die 
nicht ds Wirk toffe anzusprechen sind. die Arznci.«.tt.elw.rkung in n.cht unbetracht- 
Hche.« MaBe zu beeinflussen vermogen. Wahrend z. B. Saponme resorptionabeschleu- 
nigend wirken. konnen Gerbstoffe den Eintritt der Wirkung verzogem oder diese 

TbtsrhefvoITTeeniischungen und von der relativ selt^nen Anwendung gepulverter 
DrSTFor.!. von eingest^llten Drogenpnlvem (Pulveres titrat.) d.e nach chemisch 
SwoTogisch bestimnLm Wirkstoffgehalt mit ind.fferenten Stoffen auf den vor- 
Sschriebenen Wert eingesteUt sind, sowie von Table ten und Kapseln dienen pflanz- 
rc?:^^Materia.i«imige^^^^^^ 

T^ro^T!i^^''Z^,t^. Lkokt^Mazerate. Ttokturen, E^trakte. 
aromatische Wasser, Arzneispiritusse. Arzneiole. Weine Sirupe. Auszugssalben. 
DrSeHung zeitgemaBer Arzneiformen, die Arzne.stoffe aus pflanzl.chem oder 
Srischem Material beinhalten, setzt die Einhaltung folgender Forderungen voraus: 

- sfcherung der Gewinnung der Wirkstoffe in m6gl.chst «nverandert*r Form aus 
hSwertigem und gleicMormigem Ausgangs.nater.al, das den Arzne.buchforde- 
rungen entepricht, 

: SSistn^teH^^^^^^^ Erhdtung des Wirkstoffgeha.ts (Stabilitfit der 
SstSe waLnd des Herstellungsprozesses und wahrend der Lagerung) durch 
Wahl g^gneter Herstellungstechnologien und entsprechender Arzneiformen, 

- Schaffung einer standardisierten Arzneiform. 
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22.2. Die Drogc als Ausgangsmaierial fiir Arzneifonnen 

Als Ausgangsmaterialien ziir Herstellung von ArzneiXormen dienen Frischpflanzen 
im allgemeinen jedoch getrocknete Pflanzen, Pflanzenteile sowie pflanzliche Roh- 
produkte (Harze, Milchsafte). Voraussetzung fur die Schaffung vollwertiger Arznei- 
fonnen ist eine hohe Qualitat der Drogen, die durch die Festlegungen in den Mono- 
graphien der Arzneibiicher fixiert ist. Haufig ist der Gehalt an Drogen inhaltsstof fen 
diirch eine unt^re und eine obere Grenze festgelegt. Bei Drogen mit stark wirkenden 
Arzneimitt^In sind diese Grenzen sehr eng gezogen, oder aber es wird ein bestimmter 
Wert als Mindestgehalt gefordert. Hierbei ist zii beriicksichtigen, dafl eine SUndardi- 
sierung der Drogen, wie sie heute von alien Pharmakopoen angestrebt wird, unerlafi- 
lich fur die Konstanz der Hohe und des Spektrunjs des Wirkstoffgemisches ist. Dro- 
gen, die infolge zii langer Lagerung nicht mehr den im Arzneibuch niedergelegten 
Forderungen entsprechen (Alterung), sind von der Verwendung aiiszuschlieBen. 
Abbauprozesse in einer Droge gehen ziimeist mit einer Minderung des Wirkstoffgehalts 
einher. Hierbei kann es sich um enzj'matische Vorgange, um hydrolytische Prozesse, 
sowie nm Oxidations- und Reduktionsreaktionen handeln. Licht imd Temperatur 
sind weitere Faktoren, die auf die Drogenhaltbarkeit einwirken. Die Qualitat der 
Droge hangt weit erhin in ganz besonderem Ma Be von der Beschaffenheit der Frisch- 
pflanze ab. Wirkstoffqualitat und -quantitat sind nicht nnr abhangig von dem z. T. 
genetisch fixierten Stoffwechsel, sie unterliegen auch in starkem Mafie Umweltein- 
fliissen. Standort, Bodenbeschaffenheit, Diingung, Belichtung, Hohenlage, Klima, 
Witt^rung und Zeitpunkt der Emte sind einige Faktoren, die den Wert einer Droge 
entscheidend mitbestimmen. Die Festlegung des optimalen Zeitpunkts fur die Emte 
bereitet dem Arzneipflanzenanbau oft erhebliche Schwierigkeiten. 
Die Qualitat der Droge wird daruber hinaus entscheidend beeinfluflt durch die Art 
des Trocknungsprozesses, der sich an die Ernt« anschlieflt. Man unterscheidet u.a. 
Lufttrocknung (Schattentrocknung) und Warmetrocknung. Beim Trocknen bzw. 
beim Welken des Pflanzenmat^rials unterliegen die Inhaltsstoffe recht unterschied- 
lichen Veranderungen. Enzymatische Prozesse, die die Lebensvorgange der Pflanze 
sicherten, kommen auch nach der Emie nicht sofort zum Stillstand. Durch den trock- 
nungsbedingten Wasserverlust in der Zelle konnen z. B. verstarkt enzymatische Ab- 
bauprozesse bei Glycosiden ablaufen, die zur SpaUung derselben fiihren. Die ent- 
st^henden Aglycone sind meist wirkungslos, zumindest aber wirkungsschwacher. Der 
zunehmende Wasserverlust bedingt Schadigungen der Plaamastrukturen und Ver- 
anderungen der Permeabilitatsverhaltnisse in der Zelle und fiihrt dazu, daB in den 
verschiedenen Plasmaorganellen getrennt lokalisiert« Substrate und Enzymgami- 
turen in Kontakt treten konnen, so dafi enzymatische Prozesse neben- und durch- 
einander ablaufen („Freilauf der Enzyme"). Erfassen die Schadigungen auch die Zell- 
wande parenchymatischer Zellen, so konnen Bestandteile verschiedener Zellen m 
Beriihrung kommen. Derartige nekrobiotische Prozesse enzymatischer und nicht- 
enzymatischer Art konnen durch Oxidation, hydrolytische Spaltung oder Razemisie- 
rung zu unerwiinschten Veranderungen arzneilich wirksamer Pflanzenstoffe fuhren 
(Phenolglycoside, Digitaloide, Senfolglycoside, Hyoscyamin, Morphin, Ascorbinsaure). 
Der charakteristische Geruch einiger Drogen (Waldmeister, Baldrian, Hopfen) ent- 
wickelt sich gleichfalls erst wahrend der Trocknungsperiode bzw, der Aufbewahrung. 
Bei der Trocknung der Arzneipflanze tritt ein erheblicher Wasserverlust ein, doch 
weisen auch lagemde Drogen st-ets noch einen Feuchtigkeitsgehalt von einigen Pro- 
zent auf. Der Wassergehalt kann bei trockenen Drogen bis zu 10% und mehr be- 
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24. Stabiliiaf und Stabilisiening 



24.1. Allgemeines 

Fragen der Stabilitat und Stabilisierung von Arzneistoffen und Arzneifomen haben 
in den ]etzten Jahrzehnten immer grdfiere Bedeutung erlangt. Das hat seinen Grand 
in der veretarkten Einfuhrung modemer, hochwirksamer, leider aber oft instabiler 
Arzneistoffe, wie Antibiotika, Fennente und Hormone, eowie in der veretarkten in- 
dustriellen Froduktion von Arzneifertigwaren, die zur Gewahrleistung der Lager- 
baltung und unter Berucksichtigung des Verteilerweges eine befriedigende Haltbar- 
keit aufweisen miissen. Aber auch die une heute zur Verfiigung stehenden empfind- 
]ichen Analysenverfahren haben wesentlich dazu beigetragen, Stabilitatakriterien 
stronger zu fassen und erhohte Haltbarkeitsforderungen zu steUen. Zudem besitzt 
die Abklarung von Stabilitatsfragen nicht nur Interesse fur die Bestimmung und 
Festlegung von Haltbarkeitsfristen, sondem ist dariiber hinaus fiir eine exakte Aus- 
wertung biopharmazeutischer Versuche (z. B. Metabolisierung, Distributionsverhalten 
von Arzneistoffen) unbedingte Voraussetzung. 

Stabilitatsxmtersuchungen sind daher bereits bei der Entwicklung neuer Arzneimittel 
unerlaBlich. Erste orientierende Versuche, die mit der Substanz und als Losung durch- 
gefuhrt werden, haben zum Ziel abzuklaren, ob die Verbindung so stabU ist, dafi 
weitere Entwicklungsarbeiten vertretbar sind, und um Fehlinterpretationen der 
Ergebnisse der pharmakologischen und technologischen Testung auszuschlieiien. Die 
zweite Stufe stellt ein screening zur Auffindung der moglichst optimalen Bezeptur 
dar. Hier kommt es darauf an, die Stabilitat des Arzneistoffs in Anwesenheit von 
Hilfsstoffen und unter Berucksichtigung der Herstellungstechnologie abzuklaren und 
gegebenenfalls geeignete Stabilisierungsmafinahmen aufzufinden. Als rationeUe 
Methode bietet sich die faktorielle Versuchsplanung an (s. 6.7.). SchliefiUch muB das 
formulierte Arzneimittel einer abschJieBenden StabUitatspnifung unterzogen werden. 
Unter Stabilitat ist zu verstehen, daB sich das Arzneimittel (Arzneistoff, Arznei- 
zubereitung), aufbewahrt unter definierten Lagerbedingungen in seiner fiir die 
Lagerung und den Verkehr bestimmten Verpackung, in seinen wesentlichen Qualitats- 
merkmalen nicht oder nur in einem zulassigen AusmaB verandert. 
Wesentliche Qualitatsmerkmale sind der Wirkstoffgehalt, der galenische Zustand, 
einschlieBlich der sensoriscb wahruehmbaren Eigenschaften, die mikrobiologische 
und toxikologische Beschaffenheit und die therapeutische Aktivitat. Das zulassige 
AusmaB der Veranderungen ist fiir offizinelle Arzneimittel in den Arzneibiichem 
festgelegt. Fiir Arzneifertigwaren (Spezialitaten) und nichtoffizinelle Arzneimittel 
gel ten die in den Gtitevorschriften gemachten Angaben. Den Wirkstoffgehalt be- 
treffend ist es international iiblich, einen Riickgang von 10%, d, h. auf 90% des 
deklarierten Gehalts, zu tolerieren, sofem durch entstehende Zersetzungsproduhte 
die Gesamttoxizitat nicht erhoht wird. 

Fiir industriell hergestellte Arzneifertigwaren, die lange Lagerungszeiten durch- 
laufen, wird ein Haltbarkeitszeitraum von 5Jahren angestrebt. Er sollte im un* 
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giinstigsten Felle 3 Jahre betragen. RezepturuiaBig hergestellte Arzneien, die meist 
sofort den Patient«n erreichen, soil ten eine StabiJitat fiir mindestens einige Monate 
aufweisen. Piir letztere Praparate ware jedoch eine Limitierung der Aufbewahrungs- 
zeit zu begruQen. 

Die Ursachen, die die Instabilitat der Arzneiformen bedingen, sind zweifacher Natur. 
Einmal ist es die Labilitat der Arznei- und Hilfsstoffe selbst^ die letztlich aus ihrem 
cheraischen und physikalisch-chemischen Bau resultiert, zum anderen sind es die 
aufieren Faktoren, wie Temperatur, Feuchtigkeit, Luft und Licht, die wertmindemde 
Reaktionen induzieren oder beschleunigen, Besondere Bedeutung kommt der Ver- 
packung zu, vor allem dann, wenn es sich uni Kunststoffbehaltnisse handelt (s. 
26.3.5.). Das AusmaB, in dem die genannten Faktoren wirksam werden, ist in hohem 
MaBe vom galenischen Typ der Ziibereitung abhangig. In festen Arzneien, wiePulvem, 
Pudem und Tabletten, verlaufen haltbarkeitsbeschrankende Reaktionen oft bo Jang- 
sam, daB sie in dem interessierenden Zeitraum keine oder nur untergeordnete Stabili- 
tatsprobleme aufwerfen. Hingegen sind flussige, waflrige Praparationen, wie Injek- 
tions- und Infusionslosungen, Augen- und Nasenarzneien, Mixturen, Suspensionen 
und Emulsionen, aber auch wasserhaltige Syst^me unterschiedlicher Konsistenz, wie 
Salben, PiUen, und Extrakte, fiir Zersetzungen pradestiniert. 

Aus didaktischen Griinden wird zwischen physikalischen, chemischen und mikro- 
biellen Veranderungen unterschieden. Praktisch ist die exakte Zuordnung einer 
Instabilitat zu einer dieser Kategorien oft nicht moglich, da es sich meist um ein 
koraplexes Geschehen handelt, dessen Ergebnis erfaBbar oder wahmehmbar wird. 
So ist z. B. die Verfarbung einer Epinephrinlosung ihrem Erscheinungsbild nach eine 
physikalische Veranderung, die aber ihre Ursache in der Bildung gefarbter Zer- 
setzungsprodukte hat, und die daher den chemischen Veranderungen zuzuordnen ist. 



24.2. Methoden zur Stabilitatsbestimmung 

Unabhangig vom Charakter der ablaufenden Zersetzungsprozesse (chemische, phy- 
sikalische, mikrobiologische Veranderungen) ist es wichtig zu wissen, fiir welche Zeit 
der Arzneistoff bzw. das Arzneis toff system unter bestimmten Umweltbedingungen 
die angefiihrten Forderungen erfuUt. Zur Erfassung der Stabilitatsverhaltnisse sind 
zwei Methoden gebrauchlich. 



24.2.1. Langzeit-Haltbarkeitstest 

Bei diesem „klassischen** Test geht man so vor, daB das Arzneimittel wahrend des 
interessierenden Zeitraums unter den geforderten bzw. angestrebten Lagerbedingun- 
gen (Temperatur, Licht, Luft, Feuchtigkeit) in einem Klimaschrank oder Klimaraum 
aufbewahrt wird. In geeigneten Zeitabstanden und am Versuchsende werden der 
Arzneistoffgehalt bzw. der Wirkwert, die mikrobiologische Beschaffenheit so wie der 
sensorisch und mit physikalischen Methoden erfaBbare galenische Zustand kontrol- 
liert. Das Verfahren ist langwierig - in der Regel 5 Jahre - und laBt im allgemeinen 
keine Schltisse auf den Zersetzungsmodus zu. Unter Verwendung der nach einjahriger 
Lagerung erhaltenen Versuchsergebnisse kann durch Hoclirechnung eine Haltbar- 
keitsprognose fiir 5 Jahre getroffen werden. 
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V/1 Occurrence of Anabolic Agents in Plants and their Importance 
RR. Lindner 

Department of Hormone Research, The Weizmann Institute of Science, Rehovot, Israel 



More than 40 plant species have been shown to contain substances that are active in biologi- 
cal assays for estrogenic activity. Such substances may be constitutive metabolic products 
of a plant, or be formed adaptively in response to environmental factors, such as fungal at- 
tack <e.g. coumestrol synthesis in alfalfa infected with Fseudopexiia medicageFuU)\ in other 
instances estrogens may arise from microbial attack on plant material during storage (e,g. 
zcaralenone formation from com by Fusarium spp.). Phytoestrogens may reach man 
through direct consumption of fresh fniit, vegetables and processed plant products (e.g. ad- 
ministration of olive or comoil can induce vaginal keratinization in post-menopausal wo- 
men); or - more relevant to this Symposium - by consumption of carcasses and products 
from animals fed estrogen-containing forage. 

Important pasture and forage plants shown to contain phyto-oestrogens include TrifoUum 
subterraneum notably the cultivars Dwalganup. Mt. Barker. Yarloop and Marrar T. pra- 
tense (red clover), T. fragiferum I. (strawberry clover). T. alexandrinum (berseem clover). 
Medicago tativa (alfalfa or lucerne) and Soya hispida (soya beans). A beneficial anabolic ac- 
tion of the estrogens contained in these plants has been impUed, but not "nc*l"»vically es^ 
Ublished. More attention has been paid to their noxious effects on hvestock. On affected 
T. lubtencneum pasture, castrated male sheep showed lactation, squamous metaplasia of 
the bulboHirethral glands and urethral stenosis; infertiHty. variously attributed to suppres- 
sion of gonadotrophin rdcase and ovulation; faulty ovum transport; premature '^^'o" 
corpora lulea; irreversible cystic hyperplasia of endometrial gUnds on P^'?;^*? "f°^^^^ 
dystocia and prolapse of the uterus. Sporadic incidence of phytoestrogen 
iV in cattle hi been reported, attendcSfby ovarian cyst formation. Es^«"<= 
forage pUnts has been rTpoiled from Australia. New Zealand. India, Sweden. Great Britam, 
Germany, Denmark, Holland, Finland. Egypt and Israel. 

Tlte clover constituents chiefly incriminated for these effects are ^ycoadj of the i«f^^^ 
vone derivatives genistein and its 4imethyl ether bioch^A. dwtom ^^^^^ n^ethy 
Jther formononeTin, and pratensein; coumestrol and its 3'- and ^'^^l^^!^^!^^^^ 
for the estrogenic activity of aUaUa. The isoflavone content of ^J^^^f ^^fT^^T/^^ 
ftach 3 percent of its dry weight, and the coumestrol content of hiccrne n^V 
>00 coum^'t^! ^""d ^ti^ compete with 17^»<stradtolfor bm^^^^ on th^ 
uterine cytoplasmic receptor and induce ^a^T ^''^^^JI" «^ ^^SW^c 
to induce ovum implantation in ovariectomized, 8««t«8f 
activity of coumestrol and genistein given parenteraUy ''"'^''^J^^^^Z^^ 
>tH times that of stUboest?ol. respectively. Biolopcal «t;:;j^jf iSf^^^^^^^^^ 
« modified by ruminal microorganisms ""^^^ and 
hylcoumestrol. biochanin-A and formononrtin ^f'^S^^^^^^ u further me- 

to give rise to coumestrol. genistein and «^f^X^ (5-20 pei^ 

^Hzed in the rumen to equol (about 70 !f ^f^Jj^^^j?*^^^^^ and biocli 

<^t), both of which possess weak but sigmficant "'J '^f"!^ part of the 

nm-A are transformed'chiefly to hormomOly inert ^^^'^^^^m^u that es. 
«^culating phytoestrogens occur as glucuromde ?^';fX^tZ^Pff^ 
Isogenic isoflavoncs and coumestaos accumulate /^t dejwU ^ *^P^^3 significant 
Pasture, but the amounts reported (about 1 p.pjn.) seem too low to presem «gn 
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health hazard to the hunun consumer. Howeveri no infonnatton on the pharmacology or 
these substances in primates is available. 

In addition to biological screening techniques, specific methods have been developed for 
chrooutographic separation of phyto^rogens and their determination by spectrophoto- 
metry and fluorometry» receptor radioassay or radioimmunoassay. Control measures under 
investigation include pasture management, selection of isoflavone-deficient mutants and t^ 
tive vaccination with synthetic tsoflavone derivatives coupled covalently to polypeptide car- 
riers. 

1. Introduction: ecologksl cottsklcrtttons 

Oose to SO plant species have by now been ihown to contain substances that ate active in 
biological assays for estrogenic activity conducted in laboiatoiy rodents or in rurainanti 
(for itviews sec lefs. 10. 15, 46, 79). Such substances may be constitutive metabdic pro- 
ducts of the plant, or be foimed adaptively in response to environnaental factois, such n 
fungil attack. Ihus couroestid synthesis is induced or greatly augmented in alfalfa {Medi- 
caff) ttinv) on infection with the leaf-spotting organism heudopeziza medicagensa^^''^- 
In other Instances estrogens may arise frwn microbial attack during faulty storage, e.g. 
zearaienone Is formed in com contaminated with Fusarium spp. . The ecologM ^^^^ 
that determine the balance between estrogenic and non-estrogenic species in natural pas- 
tures and the remarkable seasonal and geographical variation in the cstrogpn content of i 
given dovcr strain have not been fully identified"**. They tadudc among others, the level 
of phosphate fertilizer appbed^«) . 

OMtry mc activity occur in bulbs (e.g. AWum sativum L » or tubers (e.g. Buten 

/toxfr «. or be localized in the leafy parto of the plant, in iU fruit or in ite seed", 
buch phyto^suogcns may reach man throug^i direct consumption of fiesh fruit, such as 
J^es« and cherries".", vegetables (e* poUtocs«) or condiments such as gariic»;fi«n 
ftops used for beer producti<m» and other processed plant products; or by consumption 
cff ^sses md products ftwn animals fed estrogcn<ontaining forage. There is no p»*li** 
Ao!!^!^ «trogens reaching the human from any of these sources is of (»• 

m(Vnfc stgmfiwQcc. It to of interest, however, that administration of com ofl or olite <^ 
iy.TLT^^ }^.^ day over 10 days, was shown to cause extensive kcratinization of 
Sfn^^>,*^ " post-menopausal women", indicating that herbal csuopns coo- 

SSTtte Jr *^ bkriogically active in man and effectively absorbed 

IDistiibntiQD and dieraicd natue 

S^lSf?" *o phytcHjestrogens inch«!e 7>9W^ 

Z^^J^'^^'^V^ ^ Dwalganup. Mt. Barker, ^oop, Clait. Gc^ 

Ta^ ^I ^^'S^P ^ Manar •.••istSS^ .43, r, pmt^ (red clover*-*''"). 

K ve^X^'cL"""'' ^' lucerne".^ and Soya hispida (soya bcam»'*''^> 
^ ho^^^of^ ^ to be identical with one of Ae 

S «Stioi;i.^if^^ «f «tri<^ « wiUow catkins^. With ih^^^ 

dieS^at^r^'' ^ phytoestrogens thus far identified proved to be phenob ^ 
t^'SlSKfS^^ they tore with IT/^estradid certain nm^ 

that may account for their bidogical activity. 

^'^^^^^^^^^1'°^ ^'™thyl ether biochanin-A«. daididn ««« *t» 
™«y> «aer fonnooonetm (Fj^ 2; ief.w.u^U^.,)^p„jjg|^«;cofflnestwl 
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A tecent analysis of five samples of soybean oil cake (Shemesh. Ayalon and Lindner, un- 
published observations), an important ingredient of dairy-cattle diets, showed the presence 
{p.p.m. in djy matter t S.E.M.) of daidzein (30.0 ± 4.7). formononetin (43 1 0.2), gems- 
tein (18.6 ± 2.7). coumesud (16.5 ± 2.9) and 4*-methylcoumestrol (0.3 ± 0.02). Berseem 
clover {T aiexandrium), which plays an important part as a cattle feed in the Middle East, 
was shown by bioassay to contain cstiogemc activity"-**). Chemical analysis proved that 
it contains the isoflavones genistein. biochanin-A and formononetin. as well as the coumes- 
tan derivative coumestrol (Shemesh, Ayalon and Lindner, unpublished observation); the 
plasma of heifers fed this forage contained, in addition, daidzein, probably an 0-demethy- 
tation product of formononetin (v.i.). 

3. Mode of action 

Hie primary interaction of estradiol with its target cells sp^m to involve the binding of 
the hormone to a cytoplasmic protein receptor, characterized by a sedimentation constant 
of 8S in low-salt sucrose gradients. Both coumestrol and genistein compete with 17^<$ti«- 
diol for binding sites on this receptor in uterine cytosd preparations from rabbit'' or 
iheep'*, but the afiinity of the phytcy«trogens is considerably below that of estradiol 
The affinity of their methylated derivatives (e.g. formononetin and 4'4nethylcoumestro0 
for the receptor is still lower, though these compounds are estrogenically active in wlw. 
Isonavan.7,4*^iol (equol) almost equaU genistein in affmity for the receptor. The signifh 
cance of this compound will be discussed later in relation to the metabolism of formontm- 
etm in ruminants. 

Coumestrol and genistein also simulate estradiol in stimulating macromolecular synthcfls 
m the uterus" . In particular, both phyto^^trogpns stimulate the de novo synthesis of a 
specific estrogpn-mduced protein", demonstrable within I h in the cytoplasm of the tat 
uttnis by doubMabelling techniques and geUlectrophoresis (A.M. Kayc. D. Shcratzky- 
aomjen ano H.R. Undner, unpubUshed observations). This protein" is considered crucial 
for the acuon of esuadiol*. WhUe both coumestrol and genistein exert utcrotrophic acti- 
viq^ m tne rat. neither compound is able to induce ovum implantation in ovariectomized 
ew^^nn^ rats, suggesting that the latter response involves a different receptor 

4. MetaboUsm in grazing amm^: rob as pfo^iogens 

^l^^^^^V^ ^S'*''** isonavones and coumestans is modified by ruminal 
^fe^ST^T^ ^^^^ metabolism. 4'.Methylcoumestrol, biochanin-A and foraicnon. 
aS S& ^^^^1^ t« Sive rise to coumestrol, gpnistem 

mmTtTl"' 'ff^^"^^ (F* 2. P' 159; ref .^lso). oaitoin is further metabolized m the 
n^to equ^(^t 70%) and O^thylangolensin (5-20%). both of which - not- 

eS^bX^^ to hormonally inert pnethylphenol (Ffe. 2; ref.".'«.'»»'»). Fonnonon- 
S^u rin^oS^^^ layV!'' ^T'^y^"^^ to 4^-O^methyl^quol. which appe«s to 
pers^ cSm^ formononetin to sheep (Cox. Braden and U^ijoo^ 

SEiS^^ n>etabolic patterns of the 5-hydroxy and 5^e^ 

tTreTr^^'!^^ ^« ol>«'vation tl^t the estrogenic effects of clover pas- 
their genliKntenH?^"r^^ "^^^^ formononetin than with 

assays in l^ra^rl Jlirt; ^ estrogenicity of genistein in pai«tte^ 

vatim ofT^^T Foimononetin and the various methyUted dci^ 

Tht Bel ^^n^trol are thus properiy classified as proestrogens. 

n>nidVo7^^te^^j^^ PhytcKstrogens in sheep occur as water soluble glue-- 
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5. Anabolic action 

A beneficial anabolic action of plant estrogens on grazing animals has b«en Implied, but 
not unequivocally established. The evidence for this view is, in the main. Indirect: castrate 
lambs grew faster when fed estrogen-containing alfalfa, or when given alfalfa extractt ewi- 
tainingcoumestrol, than those raised on a no»estrogenie diet**. Intact female lambs did 
not show this response. A^, the growth response to stilboestrol is dlminidied or abolish- 
ed in animals consuming estrogenic pasture. TTiis was interpreted to Indicate that such ani- 
mals already receive maximal estrogen-mediated anabolic stimulation from theu plant diet . 
These reportt are suggestive but not conclusive, if only because dietary factoii other than 
the plant estrogens may have confounded the resultt. Equally incoadusive are rtporu at- 
tributing the s<>«lled "spring flush" in milk yield to the estrogen content of pasture*-'; 
»•", or the fmding that the plant esuogen coumestrol enhanced the tendemcs and juici- 
ness of lambs as judged by a chewing panel'' . 

i. Noxious effects on liveatock 

Much more attention has been paid to the noxious «ffectt of phyt(>«stro^ on ftm 
mals. and more critical work has been done in this arei This probtem *f '«?««^ 
in 1946 when Bemiets and Underwood' described massive outbreaka of mfertfl^ m sh^ 
grazing subterranean clover in Australia. Subsequently, genistem was 
ver". "Oover disease" Is stiU rtffirded as one of the maior problems •'^'"''^ P/™"' 
tion in Australia*'.", with about 9 miUion sheep at risk, and m itt mflder fonn ith«been 
recognized as a breeding problem in many other countries. Wrogemc » 
planS has been reported in New Zealand-, the ^^'^T'^'J^*^^^^^ 
America". Canada". Chile". Central Africa". India". ^^,'^IZ^^^ZS. 
Soviet SodaUst Republics". Finland*.". Sweden". Demnarl^'. Great Bntain".». Belgi 
urn". Honand", Germany"-", Italy" and Czechoslovakia"-' . 
The biological eflecta of clover estrogens responsaie for 

nmltiple. Ewe, exposed to affected aAtenanean clover Vf^'^^.'^^^^^J^ 
gtee. of Infertiliiy. attributed to faulty spemt and ovum ^^J^""^^;^^ 
ovum implantation**, premature regrestion of corpora ^^S^J'eSS^SSCJr di> 
endometrial glands, leading to ineversible sterihty <fP'^^ SKow^ bVgan- • 
turi,a«ces indude matemJdyitocia and prolapte of ^^^J^^^J^^^^ 
pene in the field'. Htyloestrogens may ^PPf^J^J^Z^'t, 
interfering with the p<^tive feedback effect of *«>«8«^ elSowiic 
(J- CoZg, personalTmmunication). Castrated mate '^J^^^^^l^.^i 
•«um pastuiTs showed lactaUon. squamous raetapMa "I'^r^^^^^^. The 
ttae. with gross enlargement of the buIb<H.rethrd ^^^^^^Z^^^ consider- 
POSsibiUty that dover estrogens cause s*""^ ^^^^^^^".^ -r---.:^ =- ~«. 



liUty that dover estrogen. '^.'^^T^^l^AiOuc^ infertiUty in catt- 
indirect evidence**. Sporadic mcidence of P»>™>?»1^ j occasionally by 
been reported, usually attended by ovanan cyst fonnation and occasionauy 

nymphomania'-".**-" -•*•"• 

7- Reidneam animal carcasses ^ /.ri-ein biod«anin-A. formononeiin 

Umited data*' indicate that estrogenic Msture or given synth^ 

md dajdzein) accuimdate in fi.t dq»ots «Up« ^ 

isoflavonea by intn-mminal inftmon. The ''T^rthetess.teconcentrari^ 
• P P4n.) exceeded the concurrent plasma ^ human consumer, con- 

teported appear too low to present a senoua , 79). However, no infor- 

ridering the low estrogenic potendea of these substances (cf. rei. lyh 
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nation on the phaimacology of the hetbal esUogpns in primates » available TTie possTbi- 
SjXmch ^^o^mS pass into milk or milk products should alw be kept m mini 

8. Methods of detection 

Kolodca] assays, using the uterine weigjit or vaginal comification response in owiiectom. 
ized laboratoiy rodents or cwci, or the teat grosvth response in castrated male sheep, txn 
been found useful for screening puipo8es»*."»»'^. The species used (ruminante 
gastric animals) and the route of adminisiiation (oral vs. parenteral) may markwlly afiect 
the estimate of rcUlwc potency obtained, and due regard must also be paid to low 
Uty of the isoflavones and coumestans in neutral aqueous media. 
Paper- thin4ayei and gas<hiomatographic micromctiiods are available for the «panj»»^^ 
aU the known phyt<Msstrogens from plant material, body fluids and animal tissue ♦ 
and for their quantitative determination by spectrophotometry and fluoiometry . 
flame-ionization detection** or receptor radioassay'*. Another feasible approach u itOssy 
immunoassay'. Receptor radioassay wiU not distinguish between the endogenous fflwmt 
lian estrogens and nonsteroidal phytoestrogens or stUboestrol. and will not 
ylatcd herbal proestrogens, tammc sera, gmeratcd with isoflavone or 
covalently attached to a protein carrier, will discriminate between steroidal "^'Tj 
derived estrogens, and can be used to measure the active phenols as well as their O-estW 
ethers'. 



9. Control 



Control measures under investigation include pasture management designed to P^*?^ 
favourable balance between estrogenic legumes and grass'* ; measures to 
gil infection of forage plants" ; selection of isoflavone deficient clover mutants 
dicmld have desirable agronomic properties, such as the ability to compete '^'^ 
type m the field; and active vacdnation with synthetic isoflavone derivatives coupled 
valently to polypeptide carriers'. Hisfi titres of specific antibodies to P^V^^'^ 
maintained in sheep for more than a year after primary Immunization, are t'anJwJJ*"^ 
lambs through the cdostrum and do not interfere with the action of endo^«» 
or breeding performanoew. The protective value and cconmnic feasibility of 
tion remains to be esUbUshed. and a more acceptable adjuvant than CFA. 
tently used, may ham to be found. If effective. thU method would provide t|» ' 
ample of hmnunizatioa against a naturally occuring disease with a fully synthetic 
and as such could be of more gmeial interest. 

IOl Concbdn^ remab 

^t^^ substances are widely distributed among plants serving as animal fo^*?' 
gjwn for direct hmnan consun^tion. By and latge they are nonsteroidal <^f^^ 
"^.^^"^i^y^^^^^TzUo^n receptor by virtue of a »tr^ 

f"^^ ^ compounds possess anaboUc activity, but this 
documentation, prefenably including trials with purified «^bstenc^j»» 
amountt herbal estrogens cle«!y have adverse efTecte on reproductive pe^ 

mvestigMioo were biiefiy discussed. 

there is no toformttkm to suggest that they present a 
teaid toman. The uhiquitou. background of l^„d endjn^ e.t«ogPi« «» 
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products may have to be considered when designing regulatory messuies and forensic usay 
procedures to conUol the use of synthetic anabolic agents. Furthermore, the possible pret- 
ence of phytoestrogens in the control diet of experimental animals should be kept in mind 
when exandning the effectiveness of other anabolic agents. 
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